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ʜʠʩʮʠʧʣʠʥʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ çʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠè ʆʆʇ 

ʥʘʧʨʘʚʣʝʥʠʶ 23.00.00 çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè, 05.02.00 

çʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʘʰʠʥʦʚʝʜʝʥʠʝè,  05.05.00 çʊʨʘʥʩʧʦʨʪʥʦʝ, ʛʦʨʥʦʝ ʠ ʩʪʨʦʠ-

ʪʝʣʴʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝè.  ʇʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 
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ʇʈɽɼʀʉʃʆɺʀɽ 

 

 ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ ʧʨʝʜʧʦʣʘ-

ʛʘʶʪ ʚʣʘʜʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʷ ʥʘʚʳʢʘʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ.  

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʧʨʠʟʚʘʥʥʳʭ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʠʥʞʝʥʝʨʦʚ-ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝ-

ʥʠʷ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ çʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠè. ʆʭʚʘʪʳʚʘʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʩʠʩʪʝʤ ʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʥʥʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʚʢʣʶʯʘʝʪ ʢʨʘʪʢʫʶ ʪʝʦʨʝ-

ʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʠ ʮʠʢʣ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʦʚ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦ-

ʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʣʠʯʥʦʩʪʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, ʪʘʢ ʠ ʥʘʚʳʢʦʚ ʢʦʨ-

ʧʦʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥ-

ʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʦʜʛʦʪʦʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʫʯʝʙʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ çʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠè 

ʆʆʇ ʥʘʧʨʘʚʣʝʥʠ ̫ 23.00.00 çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè, 

05.02.00 çʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʘʰʠʥʦʚʝʜʝʥʠʝè,  05.05.00 çʊʨʘʥʩʧʦʨʪʥʦʝ, ʛʦʨʥʦʝ 

ʠ ʩʪʨʦʠʪʝʣʴʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝè.   

ʇʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ. ʇʨʠʚʝʜʝʥ-

ʥʳʝ ʧʨʠʤʝʨʳ ʠ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʠʩʢʦʚʳʭ 

ʥʘʚʳʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʳʭ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤʠ 

ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʆʥʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦ ʪʠʧʦʚʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʩʦʜʝʨʞʘʱʝʤʫ 

ʙʣʦʢʠ: ʥʘʟʚʘʥʠʝ ʧʨʠʤʝʨʘ; ʮʝʣʴ ʧʨʠʤʝʨʘ; ʩʧʨʘʚʢʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʩʥʦʚ-

ʥʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʤ; ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʩʝʭ 

ʢʣʶʯʝʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʘʥʘʣʠʟ, ʨʝʘʣʠʟʘʮʠʷ, 
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ʚʳʚʦʜʳ); ʟʘʜʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ; ʢʦʥʪʨʦʣʴʥʳʝ ʚʦ-

ʧʨʦʩʳ; ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʤʝʨʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

MathCAD, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʨʝʜʘ MATLAB c ʨʘʩʰʠʨʝʥʠʷʤʠ  Simulink ʠ 

Optimization Tool,  ʩʨʝʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ Solid-

Works ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ Simulation Xpress, SolidWorks Simulation, SolidWorks 

Flow Simulation, SolidWorks Motion. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦ ʠ ʦʙʝʩʧʝ-

ʯʝʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʥʘʢʦʤʩʪʚʘ ʩ ʟʘʜʘʯʘʤʠ ʠ ʠʭ ʨʝʰʝʥʠʝʤ ʚ ʣʶʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʭʦʪʷ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʪʦʨʥʦʤʫ ʠʟʣʦʞʝʥʠʶ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʀʤʝʶʱʠʡʩʷ ʜʣʷ 

ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʩʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ 

ʧʦ ʠʩʩʣʝʜʫʝʤʦʤʫ ʚʦʧʨʦʩʫ. 
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1. ʊɽʈʄʀʅʆʃʆɻʀʗ ɺʆʇʈʆʉɸ 

 ʆ ʧʨʝʜʤʝʪʝ ʪʝʦʨʠʠ. ʇʨʝʜʤʝʪʦʤ ʧʨʠʢʣʘʜʥʦʡ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪ-

ʩʷ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠ-

ʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʤʦʜʝʣʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ. ʇʦʜ ʨʝʩʫʨʩʘʤʠ ʧʦʥʠ-

ʤʘʶʪʩʷ ʩʚʦʡʩʪʚʘ, ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʩʫʱʠʝ ʠʩʩʣʝʜʫʝʤʳʤ ʩʠʩʪʝʤʘʤ. ʄʝʪʦʜʳ ʠʟ-

ʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʟʚʝʩʪʥʳ 

ʢʘʢ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ.  

 ʆ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ. ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʠʩʢ ʥʘʙʦʨʘ 

(ʜʦʧʫʩʪʠʤʦʛʦ, ʣʫʯʰʝʛʦ, ʚʝʨʦʷʪʥʦʛʦ) ʟʥʘʯʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠ-

ʩʪʝʤʳ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʚʦʟʤʦʞ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ.  

 ʆ ʩʚʦʡʩʪʚʘʭ, ʧʘʨʘʤʝʪʨʘʭ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʇʦʜ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ 

ʧʦʥʠʤʘʶʪʩʷ ʦʙʲʝʢʪʠʚʥʦ ʧʨʠʩʫʱʠʝ ʠʤ ʧʨʠʟʥʘʢʠ, ʚʳʜʝʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʥʘ 

ʦʙʱʝʤ ʬʦʥʝ. ʉʚʦʡʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ (ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ, ʭʠʤʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ ʠ ʪ.ʜ.). ɺ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʩʚʦʡʩʪʚʘ-ʧʘʨʘʤʝʪʨʳ ʠ ʩʚʦʡʩʪʚʘ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʘʨʘ-

ʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠ-

ʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ-ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʠʟ ʟʘʜʘʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʉʚʦʡʩʪʚʘ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʘʨʛʫʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ-

ʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʚʦʠʭ ʟʥʘʯʝʥʠʡ ʠ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʡ ʥʘʨʷʜʫ ʩ ʘʨʛʫʤʝʥʪʘʤʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʚʦʡʩʪʚʘ-ʧʘʨʘʤʝʪʨʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʠʜʘ 

ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩʳ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝ-

ʪʦʤ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 ʆ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʠ. ɺʳʜʝʣʝʥʠʝ ʠʩʢʦʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠʟ ʠʭ ʤʥʦʞʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ï ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. ʇʦʢʘʟʘʪʝʣʷʤʠ, ʯʘʩʪʥʳʤʠ ʢʨʠʪʝ-

ʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʫʢʘʟʘʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʪʨʝʙʦ-
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ʚʘʥʠʷ - ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ. ʇʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʠʩʪʝʤʘʤ ʪʨʝʙʦʚʘʥʠʷ ʤʥʦʛʦʦʙ-

ʨʘʟʥʳ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʝʜʠʥʦʡ ʠ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʤʝʪʦʜʠʢʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘ-

ʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʜʥʦ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʠʭ ʚʢʣʘʜʘ ʚ ʜʦʩʪʠʛʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʆʙʲʝʢʪʠʚ-

ʥʦʩʪʴ ʪʘʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʦʜʠʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʦʤʥʠ-

ʪʝʣʴʥʘ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʧʣʦʱʘʜʴ, ʦʙʲʝʤ, ʤʘʩʩʘ, ʩʠʣʘ, ʨʘʙʦʪʘ, ʤʦʱʥʦʩʪʴ ʠ ʪ.ʧ. 

 ʆ ʤʦʜʝʣʷʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʥʘ ʤʦʜʝʣʷʭ ʩʠʩʪʝʤ, ʧʨʠʙʣʠʞʝʥʥʦ ʦʪʨʘʞʘʶʱʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʝʸ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦ ʵʪʦʡ ʧʨʠ-

ʯʠʥʝ ʨʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʳʤ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʧʦʥʷʪʠʝʤ, ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠ-

ʷʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʝʢʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. ʊʘʢʠʤʠ ʘʪʨʠʙʫʪʘ-

ʤʠ ʷʚʣʷʶʪʩʷ:  

- ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤʳ (ʢʦʤʧʣʝʢʩ, ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ); 

- ʧʝʨʝʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝʥʝʥʠʷ; 

- ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢ-

ʮʠʡ ʨʝʘʣʠʟʫʝʤʳʭ ʩʠʩʪʝʤʦʡ ʧʨʦʮʝʩʩʦʚ; 

- ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ; 

- ʧʨʠʥʷʪʘʷ ʠʣʠ ʚʳʯʠʩʣʷʝʤʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ; 

- ʬʦʨʤʘ ʩʚʷʟʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ; 

- ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʠʩʢʘ; 
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- ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʝʧʝʥʴ ʚʢʣʶʯʝʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʥʳʝ ʩʠʩʪʝʤʳ 

(ʨʘʚʥʦʛʦ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ); 

- ʨʝʩʫʨʩʳ (ʩʪʦʠʤʦʩʪʥʳʝ, ʤʘʪʝʨʠʘʣʴʥʳʝ, ʚʨʝʤʝʥʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ), 

ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʠʩʢʘ; 

- ʧʨʝʜʧʦʯʪʝʥʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ. 

 ʆ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʩʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʥʝ ʪʦʣʴʢʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʥʦ ʠ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʜʫʨ, ʦʪʩʣʝʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʳ 

ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʧʝʨʝʩʪʨʦʝʥʠʝ ʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʧʦ ʭʦʜʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

 ʆ ʩʪʨʫʢʪʫʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʝʡ. ʉʦʜʝʨʞʘʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪʩʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʨʠ ʵʚʦʣʶ-

ʮʠʦʥʥʦ ʧʨʦʷʚʠʚʰʠʭʩʷ ʚʘʨʠʘʥʪʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʝʨʚʘʷ ï 

ʤʦʥʦʙʣʦʯʥʘʷ. ɿʜʝʩʴ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ çʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè ʚ ʯʘʩʪʠ ʬʠ-

ʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʧʧʘʨʘʪʘ ʠʭ ʦʧʠʩʘʥʠʷ, ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʨ ʧʦʩʪʘʥʦʚʢʠ: ʜʘʥʘ ʤʦʜʝʣʴ, ʜʘʥʳ ʠʥʪʝʨʚʘʣʳ ʠʟ-

ʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ, ʜʘʥʳ ʢʨʠʪʝʨʠʠ ʠ ʬʦʨʤʳ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʘʙʦʨ ʩʚʦʡʩʪʚ (ʧʘʨʘʤʝʪʨʦʚ). ɺʪʦʨʘʷ - ʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦ ʫʨʦʚʥʷʤ ʥʘʩʣʦʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʅʘʧʨʠʤʝʨ, ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʪ.ʧ.). ʊʘʢʠʝ ʤʦʜʝʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 3D-ʤʦʜʝʣʷʤʠ. ʇʨʠʤʝʨ ʧʦʩʪʘʥʦʚʢʠ: 

ʦʧʨʝʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʠ ʩʨʝʜʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʘʥʳ ʠʥʪʝʨʚʘʣʳ ʠʟ-

ʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʜʘʥʳ ʧʝʨʝʯʝʥʴ ʠ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʘʩʪʥʳʭ ʠ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝ-

ʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʦʮʝʩʩʘ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʠ ʤʦʜʝʣʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʩʦ-



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

9 

 

ʧʨʷʞʝʥʠʝ ʚ ʦʜʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʮʝʣʦʝ, ʦʧʨʝʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʘʙʦʨʦʚ çʦʧʪʠʤʘʣʴ-

ʥʳʭè ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ (ʧʘʨʘʤʝʪʨʦʚ). ʊʨʝʪʴʷ ï ʤʫʣʴʪʠʬʠʟʠʯʥʘʷ (ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ), ʩ ʘʣʛʦ-

ʨʠʪʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʯʘʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚʦ 

ʚʨʝʤʝʥʠ, ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦ ʫʨʦʚʥʷʤ 

ʥʘʩʣʦʝʥʠʷ ʠʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʯʘʩʪʠ ʟʘʜʘʯʠ ʛʦʚʦʨʷʪ ʪʦʣʴʢʦ ʥʘ ʩʚʦʠʭ ʷʟʳʢʘʭ, 

ʠ ʧʦʥʠʤʘʶʪ ʪʦʣʴʢʦ ʠʭ, ʠʤʝʶʪ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʩʣʦʞʥʦʩʪʠ ʧʦ ʦʙʲʝʤʫ, ʩʪʨʫʢʪʫ-

ʨʝ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ ʜʦ-

ʩʪʘʪʦʯʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʚʦʡʩʪʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʠʟʤʘ, ʧʨʠʩʫʱʠʭ ʢʘʞʜʦʡ ʯʘ-

ʩʪʠ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʠʭ ʠʥʪʝʛʨʘʮʠʠ. ʇʨʠʤʝ-

ʨʘʤʠ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʭ ʥʘʨʷʜʫ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʟʘʜʘʯ ʚʪʦʨʦʛʦ ʪʠʧʘ ʚʩʶ ʤʦʱʴ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 ʆ ʧʨʦʮʝʜʫʨʘʭ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴ-

ʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʟʥʘʥʠʡ ʦ ʪʠʧʝ, ʩʪʨʫʢʪʫʨʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʘ ʠʥʦ-

ʛʜʘ ʠ ʝʝ ʥʘʣʠʯʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʥʝʢʦʪʦʨʳʤ ʘʥʘʣʦʛʦʤ ʨʝʘʣʴ-

ʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʝʭʘʥʠʟʤʦʚ (ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʧʯʝʣʠʥʦ-

ʛʦ ʨʦʷ, ʦʪʞʠʛʘ). ʗʜʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (CAD / CAE / CAM) ʨʘʩʧʦʣʘʛʘʶʪ ʥʘʙʦʨʦʤ ʤʦʱ-

ʥʳʭ ʧʦʠʩʢʦʚʳʭ ʤʝʪʦʜʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʪʘʢʠʭ ʩʨʝʜʘʭ.  

 ʆ çʜʦʤʦʪʢʘʥʳʭè ʤʝʪʦʜʘʭ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʨʘʟʦʤ çʩʪʘʥʜʘʨʪʥʳʝè ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʟʘʤʳʩʣʦʚʘʪʳʤ 

ʩʚʦʡʩʪʚʦʤ ï ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞ-
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ʥʦʩʪʴ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʉ ʜʨʫʛʦʡ ï ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʪʘʥʜʘʨʪʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ. ɿʘʤʳʩʣʦʚʘʪʦʩʪʴ ʩʚʦʡʩʪʚʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʧʦʪʝʨʝʡ ʛʠʙ-

ʢʦʩʪʠ ʤʝʪʦʜʘ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʟʘʪʨʘʪ ʧʦʣʫʯʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʦʩʪʠʛʘʝʤʳʭ ʩ ʠʭ ʧʦʤʦʱʴʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʪʦʣʴʢʦ ʩ ʪʘʢʦʡ çʨʦʜʦʩʣʦʚʥʦʡè. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʥʠ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦʠʩʢʘ ʥʝ ʠʤʝʶʪ 

ʶʨʠʜʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʩʳʣʘʪʴʩʷ ʚ ʢʦʥ-

ʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɿʘʢʦʥʥʦʩʪʴ ʠʭ ʧʦʷʚʣʝʥʠʷ ʥʠʢʘʢ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʦʙʷʟʘʪʝʣʴʥʳʡ ʘʪʨʠʙʫʪ. ʕʪʦ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʦʜʫʢʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʝ ʷʚʣʷʶʱʠʡʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʷʤʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʬʠ-

ʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʥʳʭ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʩʧʝʮʠʬʠʯʥʳʭ, ʠʣʠ ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʧʦʜʦʙʥʦʡ ʩʧʝʮʠ-

ʬʠʢʝ. ʂ ʧʨʠʤʝʨʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʦʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʧʨʠʢʣʘʜʥʳʝ ʧʘʢʝʪʳ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʡ ʪʝʦʨʠʠ 

ʤʥʦʛʦ ʰʠʨʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʝʨʝʯʥʷ. ɺʪʦʨʦʡ ʜʦʚʦʜ: ʧʨʠʢʣʘʜ-

ʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʪʦʷʪ ʥʝ ʜʸʰʝʚʦ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʴ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʩʝʛʜʘ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʝʤ. 

 ʆ ʪʦʤ, ʯʪʦ ʧʦʪʦʤ. ʕʪʦʪ ʨʘʟʜʝʣ ʧʨʠʚʝʜʝʥ ʟʜʝʩʴ ʩ ʮʝʣʴʶ ʢʨʘʪʢʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʛʦ ʷʚʣʝʥʠʷ ʧʦ ʠʤʝʥʠ çʦʧʪʠʤʠʟʘʮʠʷè. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʦʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʩʪʘʭ ʧʦʩʦʙʠʷ ʥʝʦʜʥʦ-

ʢʨʘʪʥʦ.  
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2. çʉʊʈʆʀʊɽʃʔʅʓɽ ɹʃʆʂʀè ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʄɽʊʆɼʆɺ 

 ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ. ʇʦʢʘʟʘʥ ʧʦʨʷʜʦʢ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʢʘʢ ʚʩʪʨʦʝʥʥʳʭ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʢʝʪʳ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ.  

 ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʢʝʪʳ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʩʠʩʪʝʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʤʦʜʫʣʷʭ SolidWorks Xpress 

Simulation, SolidWorks Simulation ʩʨʝʜʳ SolidWorks. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʨʝʜʳ MATLAB  c ʨʘʩ-

ʰʠʨʝʥʠʷʤʠ  Optimization Tool ʠ Simulink. ʉʨʝʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ MathCAD ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʥʦʩʠʪʝʣʴ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ, ʠ ʢʘʢ ʩʚʷʟʫʶʱʘʷ 

ʩʨʝʜʘ, ʦʙʝʩʧʝʯʠʚʰʘʷ ʠʥʪʝʛʨʘʮʠʶ ʯʘʩʪʝʡ ʟʘʜʘʯʠ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʥʠʤʠ.  

 ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

1. ʄʝʪʦʜ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʚ ʚʘʨʠʘʥʪʝ ʬʠʢʩʘʮʠʠ ʚʩʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʠ ʚʘʨʠʘʥ-

ʪʝ ʬʠʢʩʘʮʠʠ ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʝʛʦ çʣʫʯʰʝʛʦè ʚʘʨʠʘʥʪʘ. 

2. ʄʝʪʦʜ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ ʯʘʩʪ-

ʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʕʪʦʪ ʠʥ-

ʩʪʨʫʤʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʚ ʟʘʜʘʯʘʭ ʤʥʦʛʦʢʨʠʪʝ-

ʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

3. ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ D-ʦʧʪʠʤʘʣʴʥʳʭ (ʧʦ ʚʳʙʦ-

ʨʫ) ʧʣʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʈʝʭʪʰʘʬʥʝʨʘ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ ʠ ɹʦʢʩʘ-

ɼʨʝʡʧʝʨʘ ʥʘ ʯʝʪʳʨʝʭ ʫʨʦʚʥʷʭ, ʧʦʩʪʨʦʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʢʨʠʪʝʨʠʷ 

ʢʘʯʝʩʪʚʘ ʩ ʚʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʚʠʜʝ ʧʦʣʥʦʛʦ ʧʦʣʠʥʦʤʘ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ. 

4. ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʦʦʨʜʠʥʘʪʥʳʤ ʩʧʫʩʢʦʤ ʩ ʦʙʫʯʝʥʠʝʤ. 

5. ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʧ.ʧ. 3, 4.  
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6. ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʧ.ʧ. 3, 4 ʠ ʜʚʫʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ: çʧʨʦʩʪʦʛʦè ʠ ʘʣ-

ʛʦʨʠʪʤʘ ʦʩʪʨʦʚʥʦʡ ʤʦʜʝʣʠ. 

7. ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧ.3 

ʠ ʤʝʪʦʜʘ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ï ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʣʛʦ-

ʨʠʪʤʘ.  

8. ʄʝʪʦʜ çʩʝʨʦʛʦè ʷʱʠʢʘ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʘ ʚ ʚʠʜʝ ʛʠʧʝʨ-ʛʨʝʢʦ-ʣʘʪʠʥʩʢʦʛʦ 

ʢʚʘʜʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʩʪʨʦʝʥʠʝ ʯʘʩʪʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʝ-

ʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

9. ʄʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧ-

ʪʠʤʠʟʘʮʠʶ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ (ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ ʠ ʫʥʠʬʠʢʘʮʠʠ). 

10.  ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʛʝʥʝʨʘʮʠʶ ʠʩʭʦʜʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ. 

ʇʦʜʦʙʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ; 

-  ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʢ ʧʨʦʝʢʪʫ; 

- ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝ-

ʩʪʚʘ ʢ ʧʨʦʝʢʪʫ ʩʦʚʤʝʩʪʥʦ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ, ʬʦʨ-

ʤʠʨʫʝʤʳʤ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. 

          ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ 

ʘʚʪʦʨʦʚ ʠ ʟʘʱʠʱʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʠ-

ʦʙʨʝʪʝʥʠʷ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚʩʝ ʧʨʠʤʝʨʳ ʦʙʠʣʴʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʷʩʥʷʶʱʠʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʠ ʪʝʢʩʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʢʝ-

ʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ ʠʭ ʩʧʨʘʚʦʯʥʳʭ ʩʠʩʪʝʤʘʭ. 
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3. ʇɸʈɸʄɽʊʈʀʏɽʉʂɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʕʃɽʄɽʅʊʆɺ 

ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

  

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ. 

 

                                                ʉʇʈɸɺʂɸ 

 

ʆʩʥʦʚʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

- ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ - ʘʥʘʣʦʛ ʨʝʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʘʥʥʳʭ ʜʦʩʪʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ;  

- ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ, ʮʝʣʴ, ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ - ʠʥʦʛʜʘ - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳ-

ʨʘʞʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʦʙʲʝʢʪʘ;  

- ʦʙʣʘʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ - ʩʦʚʦʢʫʧʥʳʡ ʠʥʪʝʨʚʘʣ ʜʦʧʫʩʪʠʤʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ;  

- ʦʛʨʘʥʠʯʝʥʠʷ - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʥʠʮ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʠ ʦʙʣʘʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, 

ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ); 

- ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ - ʧʨʦʮʝʜʫʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ, ʜʦʧʫʩʪʠʤʦʛʦ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦ-

ʛʦ (ʤʠʥʠʤʘʣʴʥʦʛʦ) ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ - ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʚʘʨʠʘʥʪʘ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʫ ʦʙʲʝʢʪʘ. 

ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ  

     ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʩʯʝʪʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʚ ʟʘʜʘʚʘʝʤʳʭ ʠʥʪʝʨʚʘʣʘʭ ʠʭ ʠʟ-

ʤʝʥʝʥʠʷ.  

     ʉʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

14 

 

ʨʠʩʫʥʢʝ 1. 

1. ɿʘʜʘʶʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʠʟʤʝʥʝʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʰʘʛʦʤ ʠʭ 

ʠʟʤʝʥʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ  

Z=5x2 + xy-7y2 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʍ ʠ Y: 

0,9 x0 <  x  < 1,1 x0; 

0,5 y0 < y <  2,5 y0, 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: 

x0 =0,9;     y0 =0,5; 

ʠ ʰʘʛʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: dx = 0,01;   dy= 0,02. 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʘʪʝʛʠʷ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ 

 

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʘʚʘʷ ʧʨʠʨʘʱʝʥʠʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ X ʠ Y  

xi= x0 + dx; 

yj= y0 + dy, 

ʚʳʯʠʩʣʷʶʪ ʢʨʠʪʝʨʠʡ Z, ʟʘʧʦʤʠʥʘʷ ʟʥʘʯʝʥʠʷ x*, y*, ʜʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ Z*= Zmin(x*, y*).  

        ʏʠʩʣʦ ʮʠʢʣʦʚ ʨʘʩʯʝʪʘ ʨʘʚʥʦ ʯʠʩʣʫ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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       ʄʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦ-

ʩʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ ʦʪ 2 ʜʦ 4-6, ʢʨʫʧʥʳʤ ʰʘʛʦʤ ʠʣʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ.   

       ʇʨʠ ʥʘʣʠʯʠʠ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʘʞʝ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʟʘ-

ʪʨʘʪʘʤ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʇʈʀʄɽʈ 

           ʆʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʧʨʦʮʝʩʩʘ, ʠʤʝʶ-

ʱʝʡ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʚʨʝʤʝʥʠ 

 

ʠ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʍ: 

 

ʈʝʰʝʥʠʝ 

1. ɺʚʦʜʠʤ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮ ʠʟʤʝʥʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ. ʇʦ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʨʦʮʝʩʩ, ʷʚʣʷʶʪʩʷ t ʠ ʭ. 

    

 

2. ɺʚʦʜʠʤ ʧʝʨʝʤʝʥʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʯʠʩʣʦ ʪʦʯʝʢ ʨʘʩʯʝʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘ-

ʟʦʥʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ. 

    
 

  

3. ʆʨʛʘʥʠʟʫʝʤ ʥʝʷʚʥʳʡ ʮʠʢʣ ʚʳʯʠʩʣʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ t ʠ x. 
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4. ʆʨʛʘʥʠʟʫʝʤ ʥʝʷʚʥʳʡ ʮʠʢʣ ʚʳʯʠʩʣʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ Z. 

 

 

  

 

  

5. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʨʘʞʘʝʤ ʪʘʙʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 3D-ʛʨʘʬʠʢʘʭ. 
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ʈʠʩʫʥʦʢ 2 ï ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ 

 

6. ʌʦʨʤʠʨʫʝʤ ʬʫʥʢʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʠ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʡ ʧʘ-

ʨʘʤʝʪʨʦʚ. 
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7. ʆʨʛʘʥʠʟʫʝʤ ʦʙʨʘʱʝʥʠʝ ʢ ʧʨʦʮʝʜʫʨʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ 

ʦʪʢʣʠʢʘ. 

 
 

 

  

ɺʳʚʦʜ:  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʦʢʣʠʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʤʘʢʩʠʤʫʤʫ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: 

   

   

ɿɸɼɸʅʀɽ 

ʆʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʧʨʦʮʝʩʩʘ, 

ʠʤʝʶʱʝʡ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʚʨʝʤʝʥʠ 

 

ʠ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʍ1 ʠ ʍ2: 

 

 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʆʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʪʝʦʨʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʧʨʝʜʝʣʝ-

ʥʠʷ. 

2. ʊʠʧʦʚʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

3. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ. ɸʣʛʦʨʠʪʤ. 

4. ɺʘʨʠʘʥʪʳ ʬʠʢʩʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʠ ʩʦʦʪ-
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ʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ. ʋʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ. 

5. ɺʣʠʷʥʠʝ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ. 

6. ʆʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʇʝʪʨʝʥʢʦ ɸ.ʀ. ʆʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ï ʂʠʝʚ: ʊʝʭʥʠʢʘ, 

1982. ï 295 ʩ. 

2. ʋʘʡʣʜ ɼ. ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ï ʄ.: ʄʠʨ, 1981. ï 272 ʩ. 
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4. ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆʎɽʉʉɸ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ  ʤʦʜʝʣʴʶ ʥʘ ʦʩʥʦʚʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.   

 

ʉʇʈɸɺʂɸ 

 

1. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʚʩʝʛʜʘ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ. ʊʠʧʦʚʳʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʜʘʯʠ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʪʠʧʘ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʧʦʜʯʠʥʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʷʤ ʠʟʤʝʥʝʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʧʨʦ-

ʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

2. ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʆʪʣʠ-

ʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʦʜʝ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝ-

ʩʪʚʘ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ çʵʣʝ-

ʤʝʥʪʥʳʭè ʧʨʦʮʝʜʫʨ, ʘ ʦʙʱʠʡ ʨʘʩʯʝʪ ʦʨʛʘʥʠʟʫʝʪʩʷ çʫʧʨʘʚʣʷʶʱʝʡè ʧʨʦ-

ʮʝʜʫʨʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʩʝʤʠ çʵʣʝʤʝʥʪʥʳʤʠè 

ʧʨʦʮʝʜʫʨʘʤʠ ʚʳʯʠʩʣʝʥʠʷ. 

3.    ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʠʝ ʫʨʘʚʥʝʥʠʷ (ɼʋ), ʚ ʢʦʪʦʨʳʭ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʠ 

ʥʘʨʷʜʫ ʩ ʥʠʤʠ ʚ ʫʨʘʚʥʝʥʠʷ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʠʭ ʧʨʦ-

ʠʟʚʦʜʥʳʝ.   



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

21 

 

ʈʘʟʣʠʯʘʶʪ ʦʙʳʢʥʦʚʝʥʥʳʝ ɼʋ ʠ ɼʋ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʆʙʳʢʥʦʚʝʥʥʳʝ ɼʋ - ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʫʨʘʚʥʝʥʠʠ ʙʝʨʫʪʩʷ ʪʦʣʴʢʦ 

ʧʦ ʦʜʥʦʤʫ ʧʝʨʝʤʝʥʥʦʤʫ. 

ʋʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ - ʚ ʫʨʘʚʥʝʥʠʠ ʠʤʝʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʝʨʝʤʝʥʥʳʤ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ɼʋ. ʃʶ-

ʙʳʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫ-

ʯʝʥʠʝʤ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ, ʜʚʠʞʝʥʠʷ ʪʝʣ ʩʚʦʜʷʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠʩʪʝʤ ɼʋ. ʆʙʳʢʥʦʚʝʥʥʦʝ ɼʋ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ 

 

F(t, y, yô) = 0, 

 

ʠʣʠ ʚ ʨʘʟʨʝʰʝʥʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʦʡ ʚʠʜʝ 

 

yô = f(t, y), 

 

ʛʜʝ  t - ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʵʪʦ ʚʨʝʤʷ 

ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ - ʭ), ʫ - ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʫô = dy/dt - ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ y, 

F - ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ, f - ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ɼʋ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ ʠ/ʠʣʠ ʝʝ ʬʫʥʢʮʠʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠ-

ʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɽʩʣʠ ʵʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ 

ʧʨʠ ʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʪʘʢʘʷ ʟʘʜʘʯʘ 

ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʟʘʜʘʯʝʡ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷ-

ʤʠ, ʟʘʜʘʯʝʡ ʂʦʰʠ. ɽʩʣʠ ʞʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ ʧʨʠ ʜʚʫʭ ʠʣʠ ʙʦ-

ʣʝʝ ʟʥʘʯʝʥʠʷʭ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʪʘʢʘʷ ʟʘʜʘʯʘ ʥʘʟʳ-
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ʚʘʝʪʩʷ ʢʨʘʝʚʦʡ. ɺ ʟʘʜʘʯʝ ʂʦʰʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘʟʳ-

ʚʘʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ, ʚ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ - ʛʨʘʥʠʯʥʳʤʠ.  

ʈʝʰʝʥʠʝ ɼʋ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʟ-

ʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʣʠʰʴ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ɼʋ ʩʫʱʝʩʪʚʫʝʪ ʠ 

ʦʥʦ ʝʜʠʥʩʪʚʝʥʥʦ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʰʘʛʦʚʳʝ ʠ ʤʥʦ-

ʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. 

ʆʜʥʦʰʘʛʦʚʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʣʝʜʫʶʱʝʡ 

ʪʦʯʢʠ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʣʠʰʴ ʦʙ ʦʜʥʦʤ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ɼʋ ʧʝʨʚʦ-

ʛʦ ʧʦʨʷʜʢʘ (ʧʦʨʷʜʦʢ ɼʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʷʜʢʦʤ ʠʩʢʦʤʦʡ ʧʨʦ-

ʠʟʚʦʜʥʦʡ). ʂ ʦʜʥʦʰʘʛʦʚʳʤ ʦʪʥʦʩʷʪ ʛʨʫʧʧʫ ʤʝʪʦʜʦʚ ʈʫʥʛʝ-

ʂʫʪʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝʰʝʥʠʷ ʧʦ ʘʨʛʫʤʝʥʪʫ ʭ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

 

ʄʝʪʦʜ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʤʝʪʦʜ ʕʡʣʝʨʘ): 

dy/dx=Fx,y)  ʫ/ x=yi+1-yi)/xi+1-xi), 

ʛʜʝ yi+1 - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʪʦʯʢʝ xi+1. ʇʦʣʘʛʘʷ h = xi+1 

ʠʤʝʝʤ 

(yi+1-yi)/(xi+1-xi)=(yi+1-yi)/ h = F(xi,yi) 

ʠʣʠ 

yi+1   yi + h * F(xi,yi). 

 

ʀʩʧʦʣʴʟʫʷ ʟʥʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ  (ʭ0, ʫ0), ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʨʦʜʦʣʞʘʷ ʵʪʫ ʮʝʧʦʯʢʫ ʜʦ ʦʢʦʥ-

ʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ. 
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ʄʝʪʦʜ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

yi+1  =  yi + h * F(xi+h/2, yôi+1), 

yôi+1 =  yi + h/2 * F(xi,yi). 

 

ʄʝʪʦʜ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ: 

yi+1   yi +1/6(k1+2k2+2k3+k4), 

k1 = hF(xi, yi), 

k2 = hF(xi+h/2, yi+k1/2), 

k3 = hF(xi+h/2, yi+k2/2), 

k4 = hF(xi+h, yi+k3). 

 

ʄʝʪʦʜ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ: 

yi+1   yi +1/6(k1+4k2+k3), 

k1 = hF(xi, yi), 

k2 = hF(xi+h/2, yi+k1/2), 

k3 = hF(xi+h, yi+2k2-k1). 

 

ɺ ʦʩʥʦʚʝ ʚʩʝʭ ʦʜʥʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢ-

ʮʠʠ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʰʘʛ h ʘʨʛʫʤʝʥʪʘ x ʚ ʩʪʝʧʝʥʠ ʜʦ k ʚʢʣʶʯʠʪʝʣʴʥʦ. ʎʝʣʦʝ ʯʠʩʣʦ k 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʤʝʪʦʜʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʥʘ ʰʘʛʝ ʨʘʩʯʝʪʘ 

ʠʤʝʝʪ ʧʦʨʷʜʦʢ k+1.  

ʄʝʪʦʜʳ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʶʪ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʚʫʭ, ʪʨʝʭ ʠ 

ʯʝʪʳʨʝʭ ʚʳʯʠʩʣʝʥʠʡ ʬʫʥʢʮʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʈʫʥʛʝ-ʂʫʪʪʳ 

¶ ʄʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʶ 

ʪʦʣʴʢʦ ʦ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʝʜʳʜʫʱʠʭ ʪʦʯʢʘʭ ʨʘʩʯʝʪʦʚ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʥʘʯʘʣʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ. 

¶ ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʧʨʠʭʦʜʠʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʚʳʯʠʩʣʷʪʴ 

ʬʫʥʢʮʠʶ f(ʭ,y) ʠ ʟʘʪʨʘʯʠʚʘʪʴ ʥʘ ʵʪʦ ʤʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

¶ ʀʩʧʦʣʴʟʫʷ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦʙ ʦʯʝʨʝʜʥʦʡ ʪʦʯʢʝ ʨʝ-

ʰʝʥʠʷ, ʵʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʰʘ-

ʛʘ ʚʳʯʠʩʣʝʥʠʡ h. ʇʨʠʙʣʠʞʝʥʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʦʩʥʦʚʘʥʘ 
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ʥʘ ʧʨʘʚʠʣʝ ʂʦʣʣʘʪʮʘ: ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ (k2 - k3)/(k1 - k2) 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʠʤ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʳʭ, ʪʦ ʰʘʛ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ. 

¶ ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʷʚʥʦʡ ʦʮʝʥʢʠ ʦʰʠʙʢʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

¶ ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʰʘʛʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ h. ɽʛʦ ʚʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʨʘʚʥʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ: ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʬʫʥʢʮʠʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʦʯʢʠ ʩ ʰʘʛʦʤ h ʠ ʜʚʫʤʷ ʰʘʛʘʤʠ h/2. ɽʩʣʠ 

ʧʨʠ ʵʪʦʤ ʨʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ (ʟʘʜʘʥʥʫʶ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʥʪʘʭ), 

ʪʦ ʰʘʛ ʫʤʝʥʴʰʘʶʪ ʚ ʜʚʘ ʨʘʟʘ (ʢʘʢ ʧʨʘʚʠʣʘ).  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ.  

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʪʦʯʢʘʭ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʜʥʦʰʘʛʦʚʳʭ ʤʝʪʦʜʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʤʥʦ-

ʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʝʜʳʜʫʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʬʦʨʤʫʣʳ: 

ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʤʝʪʦʜʳ ʠʟʚʝʩʪʥʳ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʰʘʛʦʚʳʭ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʥʝ 

ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ çʩʘʤʦʩʪʘʨʪʦʚʘʥʠʷè. ʇʦʵʪʦʤʫ ʧʨʠ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʥʘʯʘʣʴʥʳʝ ʪʦʯʢʠ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜʥʦʰʘʛʦ-

ʚʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʙʳʯʥʦ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʧʨʦʮʝʩʩ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ, ʘ ʩʘʤʠ ʬʦʨʤʫʣʳ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ 

¶ ʊʘʢ ʢʘʢ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʥʝʝ ʚʳʯʠʩ-

ʣʝʥʥʳʭ ʪʦʯʢʘʭ, ʪʦ ʩ ʠʭ ʧʦʤʦʱʴʶ ʥʝʣʴʟʷ ʥʘʯʘʪʴ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ. ʆʜʥʘʢʦ ʧʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʦʥʠ ʙʦʣʝʝ ʵʢʦʥʦ-

ʤʠʯʥʳ. 

¶ ʇʨʠ ʣʶʙʦʤ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʧʨʠʭʦʜʠʪʩʷ ʚʦʟ-

ʚʨʘʱʘʪʴʩʷ ʢ ʤʝʪʦʜʘʤ ʈʫʥʛʝ-ʂʫʪʪʳ. 

¶ ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʘʝʪʩʷ ʭʦʨʦʨʰʘʷ 

ʦʮʝʥʢʘ ʦʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʷ. 

ʉʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ 

 ɺʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦ-

ʧʦʣʥʷʶʱʠʤʠ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʭ ʩʦʚ-

ʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

¶ ʅʘʯʘʪʴ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ ʠ ʥʘʡʪʠ 

ʚʪʦʨʫʶ ʪʦʯʢʫ ʨʘʩʯʝʪʘ (ʧʝʨʚʘʷ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦ-

ʚʠʷʤʠ). 

¶ ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʥʠʡ ʠʟ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ). 

¶ ɽʩʣʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʧʝ-

ʨʝʤʝʥʥʦʡ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʚʫʭ ʠʪʝʨʘʮʠʡ ʠʣʠ ʝʩʣʠ ʦʰʠʙ-

ʢʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ, ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʚʝ-

ʣʠʯʠʥʫ ʰʘʛʘ. ɽʩʣʠ ʵʪʘ ʦʰʠʙʢʘ ʩʣʠʰʢʦʤ ʤʘʣʘ, ʪʦ ʚʝʣʠʯʠ-

ʥʫ ʰʘʛʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ. 

¶ ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʝ ʝʱʝ ʜʦ-

ʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʡ ʧʝʨʝʤʝʥ-

ʥʦʡ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ. ʈʝʰʝʥʠʝ ʩʣʝ-

ʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ ʤʝʪʦʜʦʤʈʫʥʛʝ-ʂʫʪʳ ʩ ʵʦʡ ʠʩʭʦʜ-

ʥʦʡ ʪʯʢʠ. 
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4.   ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʇʘʨʝʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʜʝʥʠʝ ʟʘ-

ʜʘʯʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ () ʢ ʟʘʜʘʯʝ ʩ ʦʜʥʠʤ ʠʥʪʝʛʨʘʣʴ-

ʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʪʦʯʥʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʭʦʜʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʨʘʥ-

ʞʠʨʦʚʘʥʠʝ ʧʦ ʥʝʡ ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʇʘʨʝʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦ ʧʨʦʪʠʚʦ-

ʨʝʯʠʚʦʩʪʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝ-

ʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʝʩʣʠ    min, ʪʦ 

 

ʝʩʣʠ    max, ʪʦ 

 

  

ʊʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʫʩʪʨʘʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʠ ʢʘʯʝ-

ʩʪʚʘ ʧʦ ʦʜʥʦʤʫ ʯʘʩʪʥʦʤʫ ʢʨʠʪʝʨʠʶ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʦ ʜʨʫʛʦʤʫ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʠʜʝʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʩʚʦʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʇʨʠʤʝʨ ʦʙʣʘʩʪʠ ʇʘʨʝʪʦ ʜʣʷ ʜʚʫʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

ʆʙʣʘʩʪʠ ʇʘʨʝʪʦ - ʵʪʦ ʪʝ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦ ʦʜʥʦʤʫ ʯʘʩʪʥʦʤʫ ʢʨʠʪʝʨʠʶ ʚʦʟʤʦʞʥʦ 

ʣʠʰʴ ʮʝʥʦʡ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦ ʜʨʫʛʦʤʫ ʯʘʩʪʥʦʤʫ ʢʨʠʪʝʨʠʶ (ʦʙʣʘʩʪʴ 

ʢʦʤʧʨʦʤʠʩʩʘ).  

ʀʩʢʦʤʳʡ ʚʝʢʪʦʨ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ W ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʘʨʝʪʦ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʚʥʳʤ ʜʣʷ ʚʩʝʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʣʘʩʪʴ ʇʘʨʝʪʦ, ʂ = f(ʌ1, ʌ2) 

 
 

ʇʈʀʄɽʈ 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʝʤʢʦʩʪʠ ʩ ʧʦʜʚʠʞʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʘ, b ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʦʨʦʥʦʡ c.  

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʪʦʨʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 

a'''+2.32cos(5t)*b'-cos(7t)b''+a=60, ʝʩʣʠ t >ʠʣʠ =1.5 c;  

a'''+1.32sin(3t)*b'-sin(5t)b''+a=300, ʝʩʣʠ t < 1.5 ʩ; 

b'''-sin(t)a'-4.5sin(3t)a"+b=130 , ʝʩʣʠ t <2.5 c; 

b'''+sin(3t)a'-1.2sin(t)a"+b=300 , ʝʩʣʠ t > ʠʣʠ = 2.5 ʩ; 

 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

a = 200 ʩʤ, b = c = 100 ʩʤ;  

a'(0) = a"(0) = b'(0) = b"(0) = t(0) = 0;  

 

ʆʧʨʝʜʝʣʠʪʴ: 

1. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ (W) ʠ ʩʫʤʤʘʨʥʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (S) ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʝʤʢʦʩʪʠ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ t = 0...4 c. 

2. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ:  

W         Wmax,  S   Smin.  

 

ʈʝʰʝʥʠʝ 

1. ɺʚʦʜʠʤ ʬʦʨʤʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʢʦʤʳʤ ʬʫʥʢʮʠ-
ʷʤ:  
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2. ʌʦʨʤʠʨʫʝʤ ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʡ: 

 

 
 

3. ʌʦʨʤʠʨʫʝʤ ʧʨʦʮʝʜʫʨʫ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ ʯʝʪʚʝʨ-

ʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ frk4(y,nn,nk,hag). 

 

4. ʌʦʨʤʠʨʫʝʤ ʧʨʦʮʝʜʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʦʤ ʠ ʬʠʢʩʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩ-

ʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɿʜʝʩʴ ʧʨʦʚʦʜʷʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘ-

ʯʝʥʠʡ ʠʟʤʝʥʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ, ʦʨʛʘʥʠʟʫʶʪʩʷ ʮʠʢʣʳ ʧʦʚʪʦʨʥʳʭ 

ʨʘʩʯʝʪʦʚ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʠʟʤʝʥʝʥʠʷ (ʦʧʪʠ-

ʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ) raschet (y,nn,nk,hag,tk). 
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5. ɿʘʜʘʸʤ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ (t0, tk), ʯʠʩʣʘ 

ʪʦʯʝʢ ʨʘʩʯʝʪʘ (np), ʚʳʯʠʩʣʷʝʤ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (hag), ʟʘʜʘʝʤ 
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ʠʥʜʝʢʩʳ ʙʣʦʢʘ ʨʝʰʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (nn, nk), 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ: 

   
 

   
 

6. ʆʙʨʘʱʘʝʤʩʷ ʢ ʧʨʦʮʝʜʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʦʤ ʩ ʧʝʨʝʜʘʯʝʡ ʨʝʟʫʣʴʪʘʪʦʚ 

(ʪʘʙʣʠʮʘ 1) ʚ ʤʘʪʨʠʮʫ Y.  

 
 

                             ʊʘʙʣʠʮʘ 1 ï ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ   
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7. ʉʪʨʦʠʤ ʛʨʘʬʠʢʠ ʚ np ʪʦʯʢʘʭ ( i = np ) ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ ʠʟʤʝʥʝʥʠʷ 

ʩʪʦʨʦʥ ʘ ʠ b (ʨʠʩʫʥʢʠ 2, 3). 

 

  
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʩʪʦʨʦʥʳ ʘ ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʩʪʦʨʦʥʳ b 

 

8. ʈʘʩʩʯʠʪʳʚʘʝʤ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʠ ʩʫʤʤʘʨʥʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʝʤʢʦʩʪʠ: 

 

   

 

 
 
9. ʉʪʨʦʠʤ ʛʨʘʬʠʢʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ ʠ ʩʫʤʤʘʨʥʦʡ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʝʤʢʦʩʪʠ (ʨʠʩʫʥʢʠ 4, 5) 
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ʈʠʩʫʥʦʢ 4ï ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʈʠʩʫʥʦʢ 5 ï ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʕʪʠ ʢʨʘʩʠʚʳʝ ʛʨʘʬʠʢʠ ʥʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʷʝʤʳʭ ʩʪʦʨʦʥ a ʠ 

b. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪ.ʝ. ʧʨʠ 

 i = j. 

ʇʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ ʜʘʝʪ 2D ʛʨʘʬʠʢʠ (ʨʠʩʫʥʢʠ 6, 7). 
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ʈʠʩʫʥʦʢ 6 ï ʈʝʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 

 
ʈʠʩʫʥʦʢ 7 ï ʈʝʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

10. ʌʦʨʤʠʨʫʝʤ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʥʳʭ ʢʨʠ-

ʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ s0=Smin ʠ w0=Wmax, ʬʫʥʢʮʠʠ ʢʨʠʪʝʨʠʷ ʂ ʠ ʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ k0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʟʥʘʯʝʥʠʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ sp ʠ ʦʙʲʝ-

ʤʘ wp. 
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11. ʆʙʨʘʱʘʝʤʩʷ ʢ ʧʨʦʮʝʜʫʨʝ mina 
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12. ʉʪʨʦʠʤ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʪʦʯʝʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʝʥʠ ʢʦʤʧʨʦʤʠʩʩʘ 

(ʨʠʩʫʥʦʢ 8) 

 

ʈʠʩʫʥʦʢ 8 ï ʌʫʥʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 

  

 

ɺʳʚʦʜʳ: 

1. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʝʤʢʦʩʪʠ ʠ 

ʝʝ ʩʫʤʤʘʨʥʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʘʨʛʫʤʝʥʪʫ "ʚʨʝʤʷ". 

2. ʆʧʨʝʜʝʣʝʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (t=2.002 c), ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʝʤ-

ʢʦʩʪʠ ʠ ʝʝ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ ʇʘʨʝʪʦ. ʇʨʠ ʵʪʦʤ 

ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 8233000ʩʤ3, ʩʘʥʪʠʤʝʪʨʘ, ʘ ʩʫʤʤʘʨʥʘʷ ʙʦʢʦʚʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ï 279500ʩʤ2. 

3. ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʦʪ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ. 
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ɿɸɼɸʅʀɽ 

1. ʋʩʪʘʥʦʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʪʦʨʦʥ a, b ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʡ ʬʫʥʢʮʠʡ S, W ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ [2.6..5.5]ʩ. 

3. ɸʥʠʤʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ a(t)*b(t) ʜʣʷ t = 0..tk, 

 tk = 4.2c. 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ.  

2. ʇʦʥʷʪʠʝ ɼʋ.  

3. ʉʫʱʥʦʩʪʴ ʦʙʳʢʥʦʚʝʥʥʳʭ ɼʋ, ɼʋ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

4. ʆʜʥʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ɼʋ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ.  

5. ʄʥʦʛʦʰʘʛʦʚʳʝ  ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ɼʋ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ.  

6. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʦʚ ʈʫʥʛʝ-ʂʫʪʪʳ.  

7. ʇʦʥʷʪʠʝ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ɼʋ.  

8. ʇʦʥʷʪʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʠ.  

9. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʦʚ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʨʝʰʝʥʠʷ.  

10. ʇʨʠʥʮʠʧ ʇʘʨʝʪʦ, ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  

11. ɸʣʛʦʨʠʪʤ ʘʥʠʤʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ MathCAD. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʇʝʪʨʝʥʢʦ ɸ,ʀ, ʆʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ï ʂʠʝʚ: ʊʝʭʥʠ-

ʢʘ, 1982. ï 295 ʩ. 

2. ʋʘʡʣʜ ɼ. ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ï ʄ.: ʄʠʨ, 1981. ï 272 ʩ. 
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5. ʆʇʊʀʄɸʃʔʅʆɽ ʋʇʈɸɺʃɽʅʀɽ. ʇʈʀʅʎʀʇ ʄɸʂʉʀʄʋʄɸ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ 

ʉʇʈɸɺʂɸ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʤ ʠʩʯʠʩʣʝʥʠʠ, ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʠ, ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʤʝʪʦ-

ʜʳ  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʝʰʝʥʠʷ "ʥʝʩʣʦʞʥʳʭ" ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʠʥ 

ʠʟ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ - ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ.   

ʆʩʥʦʚʥʳʝ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ  ʟʘʢʦʥʘ  ʫʧʨʘʚʣʝʥʠʷ,  ʠʤʝʶʱʝʛʦ ʪʦʯʢʠ ʨʘʟʨʳʚʘ 

(ʧʝʨʝʢʣʶʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʦʙʨʘʟʦʤ); 

- ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪ ʩʪʨʘʪʝʛʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʠʩʢ ʨʝʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʫ. ʄʝʪʦʜʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʫʶ ʩʪʨʘʪʝʛʠʶ: ʨʝʰʝʥʠʝ 

- ʝʛʦ ʦʮʝʥʢʘ. ɽʩʣʠ ʨʝʰʝʥʠʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʪʦ ʦʥʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. 

ʕʪʦ ʙʦʣʴʰʘʷ ʮʝʥʘ ʧʦʠʩʢʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʡ. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʞʝʥʠʷ. 

1. ɿʘʧʠʩʳʚʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ), ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ (ʧʨʦʮʝʩʩ). 

2. ɺʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʥʳʭ, ʪʘʢʠʭ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ 

ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʝʰʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʩʠ-
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ʩʪʝʤʳ. 

3. ʉʦʩʪʘʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʅ (ʬʫʥʢʮʠʷ ɻʘʤʠʣʴʪʦʥʘ) ʧʫʪʝʤ 

ʩʣʦʞʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʩʦʧʨʷʞʝʥʥʫʶ ʧʝʨʝʤʝʥʥʫʶ. 

4. ʉʦʩʪʘʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʥʘʷ  ʩʠʩʪʝʤʘ - ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʩʦʧʨʷ-

ʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʦʧʨʷʞʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʬʫʥʢʮʠʠ ɻʘʤʠʣʴʪʦʥʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʥʦʚ-

ʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʚʟʷʪʘʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ. 

5. ʅʘ ʢʘʞʜʦʤ  ʰʘʛʝ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʨʝ-

ʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤ ʠ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʬʫʥʢʮʠʷ ɻʘʤʠʣʴʪʦʥʘ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʠʤʝʯʘʥʠʝ 1. ɺʝʢʪʦʨ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʶ ʢ 

ʢʘʩʘʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʢ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠ-

ʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʧʫʢʣʦʤ ʤʥʦʛʦʛʨʘʥʥʠʢʝ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʦʯʝʢ ʢʦʥʮʘ ʪʨʘʝʢʪʦʨʠʠ. 

ʃʠʯʥʦ ʤʥʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʫʶʪʥʦ ʧʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʵʪʦʡ ʬʨʘʟʳ. ʅʦ 

ʩʫʪʴ ʥʝ ʚ ʵʪʦʤ. ʆʩʥʦʚʥʦʝ - ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʣʷ ʢʦʥʮʘ ʪʨʘʝʢʪʦʨʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʝʰʝʥʠʝ ʩʦ-

ʧʨʷʞʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʦʪ ʢʦʥʮʘ ʢ ʥʘʯʘʣʫ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʧʨʦʩʪʦʝ ʫʢʘʟʘʥʠʝ ʧʷʪʦʛʦ ʧʫʥʢʪʘ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. 

ʇʨʠʤʝʯʘʥʠʝ 2. ʂʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʩʚʷʟʘʥ ʩ ʬʫʥʢʮʠʝʡ ɻʘʤʠʣʴʪʦʥʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɻʣʘʚʥʦʝ ʞʝ ʚ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ɻʘ-

ʤʠʣʴʪʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ. 

ʇʨʠʤʝʯʘʥʠʝ 3. ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʢʘʢ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʝʨʝʤʝʥʥʳʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʟ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʦʩʥʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɽʩʣʠ ʵʪʦʛʦ ʥʝʪ, ʪʦ ʩʦʧʨʷʞʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʥʝ ʙʫʜʫʪ ʟʘ-

ʚʠʩʝʪʴ ʦʪ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ, ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-
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ʜʠʪʴ ʧʦʜʩʪʨʦʡʢʠ  ʫʧʨʘʚʣʝʥʠʷ ʧʦʜ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ. 

ʇʨʠʤʝʯʘʥʠʝ 4.  

- ʝʩʣʠ ʩʦʧʨʷʞʝʥʥʳʝ ʧʝʨʝʤʝʥʥʦ ʥʝ ʩʚʷʟʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩ ʧʝʨʝʤʝʥʥʳ-

ʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʰʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʦʩʥʦʚʥʫʶ ʠ 

ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ ʨʘʟʜʝʣʴʥʦ, ʥʘʯʠʥʘʷ ʩ ʩʦʧʨʷʞʝʥ-

ʥʦʡ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝ-

ʨʝʤʝʥʥʳʭ, ʣʠʙʦ ʟʘʢʦʥ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ; 

- ʝʩʣʠ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʦʧʨʷʞʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʝʝ ʟʥʘʯʝ-

ʥʠʝ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʥʘʯʘʣʴʥʦʤʫ ʜʣʷ ʢʦʥʮʘ ʪʨʘʝʢʪʦʨʠʠ. 

ʉʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʚʩʪʨʝʯʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʷʭ: ʦʩʥʦʚʥʦʡ - ʥʘ ʠʥʪʝʨʚʘʣʝ [0,T],  ʩʦʧʨʷʞʝʥʥʦʡ - [T,0]. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. 

1. ʇʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ (ʧʝʨʚʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ) ʨʝʰʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʦʚʷʪʩʷ ʠʟʚʝʩʪʥʳ-

ʤʠ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʠʥʪʝʨʚʘʣʝ [0,T], ʠʭ ʩʣʝʜʫʝʪ ʟʘʧʦʤʥʠʪʴ. 

2. ʈʝʰʘʝʪʩʷ ʩʦʧʨʷʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʠʥʪʝʨʚʘʣʝ [T,0], ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝ-

ʥʠʷ ʩʣʝʜʫʝʪ ʟʘʧʦʤʥʠʪʴ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧ.1. 

3. ɺʘʨʴʠʨʦʚʘʥʠʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ) 

ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʷʪʦʛʦ ʧʫʥʢʪʘ ʘʣ-

ʛʦʨʠʪʤʘ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ. 

4. ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʙʣʠʞʝʥʠʡ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ɻʘ-

ʤʠʣʴʪʦʥʘ ʥʘ ʜʚʫʭ ʠʪʝʨʘʮʠʷʭ - ʧʨʠʙʣʠʞʝʥʠʷʭ (ʧʝʨʚʘʷ ʠʪʝʨʘʮʠʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ) ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʦʙʨʘʟʦʤ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʦ ʧʦ-

ʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʯʠʩʣʦ 

ʩʙʣʠʞʝʥʠʡ ʨʘʚʥʦ 3 ... 11. 
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ʇʈʀʄɽʈ 

 

ʊʝʣʦ, ʦʙʣʘʜʘʶʱʝʝ ʤʘʩʩʦʡ ʄ ʩʣʝʜʫʝʪ ʧʝʨʝʤʝʩʪʠʪʴ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʚ ʢʦʥʝʯʥʦʝ ʟʘ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (ʩʭʝʤʘ ʧʦʢʘ-

ʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1): 

- ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʤʦʞʝʪ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʦʪ F0 ʜʦ Fk; 

- ʚ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʧʦʣʦʞʝʥʠʷʭ ʪʝʣʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʧʦʜʚʠʞʥʳʤ; 

ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦ-

ʤʫ ʟʘʢʦʥʫ. 

 ʆʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ (ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʡ ʩʠʣʳ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʝʙʫʝʤʦʝ ʫʩʣʦʚʠʝ ʧʝʨʝʤʝʱʝʥʠʷ. ʇʦʜʦʙ-

ʥʳʝ ʟʘʜʘʯʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʟʘʜʘʯʘʤʠ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ʈʝʰʝʥʠʝ 

1. ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ - ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʝʣʘ: 

u' = F/M;  x' = u. 

2. ʉʦʧʨʷʞʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

y1 - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʦʡ u;  y2 - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʥʥʦʡ ʭ. 

3. ʌʫʥʢʮʠʷ ɻʘʤʠʣʴʪʦʥʘ 

H = y1F/M + y2u. 

4. ʉʦʧʨʷʞʝʥʥʘʷ ʩʠʩʪʝʤʘ 

y1' = - µH / µu = - y2;        y2' = - µH / µx = 0. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ:  

y2 = const = C2;   y1 = C1 - C2 t;   C1, C2 - ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɺ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʟʘʜʘʯʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚʝʢʪʦʨ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ, ʥʝ ʨʘʚʥʳʡ ʥʫʣʶ, ʪʦ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

H(y1, y2, u, x, F) = L = const = max H(y1, y2, u, x, F)  > 0. 

ʊʦʛʜʘ ʠʟ H = y1F/M + y2u ʩʣʝʜʫʝʪ, ʯʪʦ y1F/M = H + y2u = K > 0, ʦʪʢʫ-

ʜʘ 
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F = MK/y1 = MK/(C1 - C2 t). 

ʊʘʢ ʢʘʢ F ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʫʙʳʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ, ʤʝʥʷʶʱʝʡ ʩʚʦʡ 

ʟʥʘʢ ʥʘ ʠʥʪʝʨʚʘʣʝ ʜʚʠʞʝʥʠʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ, ʘ ʂ - ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩ-

ʣʦ, ʪʦ ʠ ʬʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ ʤʝʥʷʪʴ ʩʚʦʡ ʟʥʘʢ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʘʢʞʝ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ. ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ:  

¶ ʬʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʘ ʤʝʥʷʪʴ ʩʚʦʡ ʟʥʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠ-

ʝʤ ʟʥʘʢʘ ʧʝʨʚʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ;  

¶ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʠʠ ɻʘʤʠʣʴʪʦʥʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ F ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ, ʝʩʣʠ 

ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʝʥʠʝ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦ ʘʙʩʦʣʶʪ-

ʥʦʡ ʚʝʣʠʯʠʥʝ.    

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʩʠʣ 

        ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ 

ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʫʧʨʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʘ ʨʘʙʦʪʘ ʧʦ 

ʪʦʨʤʦʞʝʥʠʶ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʨʘʙʦʪʝ ʧʦ ʨʘʟʛʦʥʫ ʪʝʣʘ ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʢ ʤʦʤʝʥʪʫ ʪʦʨʤʦʞʝʥʠʷ. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

 

 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

43 

 

ɿɸɼɸʅʀɽ 

 

 ʆʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʷ ʥʘ 

ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ ʚ 1 ʢʤ, ʝʩʣʠ ʧʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳ-

ʰʘʪʴ 100 ʢʤ/ʯ. ʊʦʨʤʦʞʝʥʠʝ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠ-

ʣʦʡ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ʄʘʩ-

ʩʘ ʘʚʪʦʤʦʙʠʣʷ ʨʘʚʥʘ 1000 ʢʛ, ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʝʥ 

0.56. ʈʘʩʭʦʜ ʛʦʨʶʯʝʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝ-

ʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ. 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

1. ʆʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ. 

2. ʄʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʇʦʨʷʜʦʢ ʨʝʘʣʠʟʘʮʠʠ. 

3. ʌʘʟʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʧʨʝʜʝʣʝʥʠʝ. 

4. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʫʥʢʮʠʠ ɻʘʤʠʣʴʪʦʥʘ. 

5. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

6. ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʥʠʝ, ʚʳʯʠʩʣʝʥʠʝ. 

7. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

                                                   ʃʀʊɽʈɸʊʋʈɸ 

 

1. ʇʦʥʪʨʷʛʠʥ ʃ.ʉ., ɹʦʣʪʷʥʩʢʠʡ ɺ.ɻ., ɻʘʤʢʨʝʣʠʜʟʝ ʈ.ɺ., ʄʠʱʝʥʢʦ ɽ.ʌ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ï ʄ.: ʅʘʢʘ, 1983. ï 

392 ʩ. 

2. ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ. ʆʮʝʥʠʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ. ʄʝʪʦʜ ʵʣʣʠʧ 

ʦʠʜʦʚ. ï ʄ.: ʅʘʫʢʘ, 1988. ï 320 ʩ. 
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6. ʂʆʄʇʃɽʂʉʅɸʗ ʆʇʊʀʄʀɿɸʎʀʗ 

ʇɸʈɸʄɽʊʈʆɺ ʀɿɼɽʃʀʗ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʚ ʩʨʝʜʝ SolidWorks Simulation.   

 

ʉʇʈɸɺʂɸ 

 

ʉʦʚʨʝʤʝʥʥʳʝ CAD/CAE/CAM ʩʨʝʜʳ ʚ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʪʨʝʙʫ-

ʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʠʟʜʝʣʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝ-

ʥʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ (ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʧʨʦʯʥʦʩʪʴ, ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪ.ʜ.) ʥʝ 

ʚʳʭʦʜʷ ʟʘ ʨʘʤʢʠ ʩʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʩʪʘʥ-

ʜʘʨʪʘ ʜʝ-ʬʘʢʪʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʝʜʳ Solid-

Works ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʪʘʢʦʛʦ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʝʪʩʷ ʤʦʜʫʣʴ SolidWorks Simulation. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ, ʩʣʝʜʫʝʪ 

ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʷ: 

- ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ, ʥʘ ʦʩʥʦ-

ʚʝ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝʜʫʶʱʘʷ ʦʧ-

ʪʠʤʠʟʘʮʠʷ (ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʞʝʪ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʫʩʣʦʚʠʷʤ, ʦʪʨʘ-

ʞʘʶʱʠʤ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʜʝʣʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʠʟ ʜʦʧʫʩʪʠʤʦʛʦ ʩʧʠʩʢʘ, ʨʠ-

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʳ ʟʘʜʘʯ 
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ʩʫʥʦʢ 1); 

- ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ; 

- ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʝʤʝʥʥʳʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʦʛʨʘʤʤʘ 

ʧʨʠʥʠʤʘʝʪ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʨʝʜʥʠʤ, ʬʦʨʤʠʨʫʷ ʧʨʝʜʝʣʳ 

ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.5 ʜʦ 1.5 ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ); 

- ʦʧʨʝʜʝʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʥʠʤʫʤ ʥʘ ʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʟʜʝʣʠʷ 

(ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʟʘʜʘʯ); 

- ʫʢʘʟʘʥ ʚʘʨʠʘʥʪ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ 2), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʤʠʥʠʤʠʟʘʮʠʶ ʯʠʩʣʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ (ʪʘʙʣʠʮʘ 1); 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʪʘʥʦʚʢʘ ʚʘʨʠʘʥʪʘ ʧʨʦʮʝʩʩʘ 

 

     ʊʘʙʣʠʮʘ 1 ï ʏʠʩʣʦ ʠʪʝʨʘʮʠʡ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʢʘʯʝʩʪʚʘ ʨʘʩʯʝʪʘ ʠ ʯʠʩʣʘ 

                                                    ʧʝʨʝʤʝʥʥʳʭ 

 

ʏʠʩʣʦ ʧʝ-

ʨʝʤʝʥʥʳʭ 

High 

Quality 

Standard
Quality 

1 3 N/A 

2 9 N/A 

3 13 N/A 

 
25 15 

5 
1 21 

6 49 28 

7 5 36 

8 N/A 45 

9 121 55 


0 
61 66 
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1 177 78 

12 
93 91 

13 N/A 105 

14 N
A 120 

15 N/A 136 

16 
85 153 

17 N/A 171 

18 N/A 190 

19 N/A 210 

20 N/A 231 
 

 

- ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʜʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ (ʧʨʦ-

ʛʨʘʤʤʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ, 

ʧʨʠ ʵʪʦʤ ʥʝ ʚʩʝ ʩʦʯʝʪʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʬʠ-

ʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʦʡʜʝʪ ʦʩʪʘʥʦʚ ʨʝʰʝ-

ʥʠʷ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝ-

ʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʩʥʦʚʘ ʫʢʘʟʘʪʴ ʷʚʥʳʤ ʦʙʨʘʟʦʤ); 

- ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʤʦʜʝʣʝʡ ʚʭʦʜʷʱʠʭ 

ʚ ʥʝʝ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʡ ʤʘʪʝʨʠʘʣ. 

ʇʈʀʄɽʈ 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ  ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʜʝʣʠʷ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʝ ʤʠʥʠʤʠʟʘʮʠʶ ʝʛʦ ʤʘʩʩʳ ʜʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3 ʚ 

ʪʘʙʣʠʮʘʭ 2, 3, 4. 
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ʈʠʩʫʥʦʢ 3 ï ʀʩʭʦʜʥʘ ʤʦʜʝʣʴ 

ʊʘʙʣʠʮʘ 2 ï ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 

 

ʀʤʷ ʩʚʦʩʪʚʘ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʳ ʠʟʤʝ-

ʨʝʥ̫ 

ʄʦʜʫʣʴ ʫʧʨʫʛʩʪʠ 1.9e+011 N/m^2 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 0.26 NA 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ 7.8e+010 N/m^ 

ʄʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ 730 kg/m^3 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʪʷʞʝʥʠʠ 4.480
e+008 N/m^2 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 2.4128e+008 N/m^2 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 1
5e
0
5 /Kelvin 

ʊʝʧʣʦʨʚʦʜʥʦʩʪʴ 38 W/(m
K) 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 

 

440 J/(kg.K) 

 

 

ʊʘʙʣʠʮʘ 3 ï ʀʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʇʘʨʘʤʝʪʨ, 

ʨʘʟʤʝʨʥʦʩʪʴ 

ʅʠʞʥʠʡ ʫʨʦ-

ʚʝʥʴ 

ʀʩʭʦʜʥʳʡ 

ʫʨʚʝʥʴ 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

DV1, ʤʤ 5 20 30 

DV2, ʤʤ 1 20 30 

DV3, ʤʤ 
50 
70 27 

DV4, ʤʤ 5 30 30 

DV5, ʤʤ 5 20 20 

DV6, ʤʤ 610 610 1500 

  

ʊʘʙʣʠʮʘ 4 ï ɿʥʘʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ, ʨʘʟʤʝʨʥʦʩʪʴ ɿʥʘʯʝʥʠʝ 

ʋʟʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, Von Mises, ʩʪʘʪʠʢʘ, ʄʇʘ 60 < N < 200 

ʇʝʨʚʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, Hz 500 < F < 100 

ʅʘʛʨʫʟʢʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʄʧʘ 20 
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ʈʝʰʝʥʠʝ. 

1. ʌʦʨʤʠʨʫʝʤ ʠ ʨʝʰʘʝʤ ʟʘʜʘʯʫ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳ-

ʤʠ. ʇʨʦʪʦʢʦʣ ʨʝʰʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʀʤ ̫ ʊʠʧ ʄʠʥ ʄʝʩʪʦ ʄ ʢʩ ʄʝʩʪʦ 

ʅʘʧʨʷʞʝ-

ʥʠʝ 

VON: ʅʘʧʨʷ-

ʞʝʥʠʝ Von 

Mises 

208379 

N/m^2 

ʋʟʝʣ: 58 

(12.8821 

mm, 

-54.2764 

mm, 

-

.9977 

mm) 

2.94017e+007 

N/m^2 

ʋʟʝʣ: 1541 

(194.927 mm, 

-37.1699 mm, 

-10.6374 m
) 

ʇʝʨʝʤʝ-

ʱʝʥʠʝ 

URES: ʈʝ-

ʟʫʣʴʪʠʨʫʶʱʝʝ 

ʧʝʨʝʤʝʱʝʥʠʝ 

0 m 

ʋʟʝʣ: 64 

(0.398627 

mm, 

-86.6019 

mm, 

-49.9996 

mm) 

5.12569e-005 

m 

ʋʟʝʣ: 1487 

(233.089 mm, 

-47.3023 mm, 

3
.9
91
m
) 

ɼʝʬʦʨʤʘ-

ʮʠʷ 

 

 

 

 

ESTRN: ʕʢ-

ʚʠʚʘʣʝʥʪʥʘʷ 

ʜ ʬʦʨʤʘʮʠʷ 

1.5429e-

006  

ʕʣʝʤʝʥʪ: 


048 

(8.18477 

mm, 

41.1481 

mm, 

89.33 mm) 

0.000177209  

ʕʣʝʤʝʥʪ: 3008 

(195.579 mm, 

-50.1027 mm, 

19.6004 mm) 

 

 

2. ʌʦʨʤʠʨʫʝʤ ʠ ʨʝʰʘʝʤ ʟʘʜʘʯʫ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ 

 

ʂʦʣʠʯʝʩʚʦ ʯʘʩʪʦʪ ɻʝʨʮ ʉʝʢʥʜʳ 

1 959.23 0.0010425 

2 959.89 0
0010418 

3 1993.6 0.00
5016 

4 3522.4 0.00028
9 

5 3524.6 0.00028372 
  

 

3. ʌʦʨʤʠʨʫʝʤ ʠ ʨʝʰʘʝʤ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ: 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

49 

 

ʟʘʜʘʥʠʝ ʮʝʣʠ ï ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ, ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʠʥʪʝʨʚʘʣʦʚ ʠʟ-

ʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ (ʨʠʩʫʥʢʠ 4, 5): 

 

 

 

 
 

 

       ʈʠʩʫʥʦʢ 4 ï ɿʘʜʘʥʠʝ ʮʝʣʠ ʠ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩʫʥʦʢ 5 ï ɿʘʜʘʥʠʝʦʛʨʘʥʠʯʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʟʘʜʘʥʠʷ ʚʩʝʭ ʫʩʣʦ-

ʚʠʡ 
 

 
 

4. ɿʘʧʫʩʢʘʝʤ ʨʝʰʝʥʠʝ ʚʩʝʭ ʟʘʜʘʯ, ʥʘʙʣʶʜʘʝʤ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ. 

 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ 
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5. ʇʨʦʩʤʘʪʨʠʚʘʝʤ ʠ ʘʥʘʣʠʟʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ 

 
 

ʈʠʩʫʥʦʢ 7 ï ɿʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ DV4 ʧʦ ʠʪʝʨʘʮʠʷʤ 

(ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ) 
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ʈʠʩʫʥʦʢ 9 ï ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ DV6 ʧʦ ʠʪʝʨʘʮʠʷʤ 

(ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ) 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʊʘʙʣʠʮʘ 5 ï ʀʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʘʨʘʤʝʪʨ, 

ʨʘʟʤʝʨʥʦʩʪʴ 

ʅ ʞʥʠ

ʡ 

ʫʨʦʚʝʥʴ 

ʀʩʭʦʜʥʳʡ 

ʫʨʦʚʥ ɹ

ɺʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ 

ʆʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

DV1, ʤʤ  
0 30 17,5 

DV2, ʤʤ 15 2 30 22,5 

DV3, ʤʤ 150 270 270 210 

DV4, ʤʤ 5 3 30 22,5 

DV5, ʤʤ 5 20 20 12,5 

DV6, ʤʤ 610 610 1500 1500 
 

         

ʊʘʙʣʠʮʘ 6 ï ɿʥʘʯʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʮʝʣʠ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ, ʨʘʟʤʝʨʥʦʩʪʴ ɿʥʘʯʝʥʠʝ ʆʧʪʠʤʫʤ ʮʝʣʠ 

ʋʟʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, Von 

Mises, 

ʩʪʘʪʠʢʘ, ʇʘ 

60 < N < 200 60,3 

ʇʝʨʚʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, 

ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, Hz 
500 < F < 1000 905 

ʄʘʩʩʘ ʠʟʜʝʣʠʷ, ʢʛ 14,206 (ʥʘʯʘʣʴʥʦʝ) 9,370 
 

 

 
ʈʠʩʫʥʦʢ 11  ʂʦʥʝʯʥʘʷ ʤʦʜʝʣʴ 

 

ɺʳʚʦʜʳ: 

1. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʠʟʜʝ-

ʣʠʷ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʟʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ 

ʧʝʨʚʫʶ ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪʦʪʫ. 

2. ʄʘʩʩʘ ʠʟʜʝʣʠʷ ʫʤʝʥʴʰʝʥʘ ʩ 14,206 ʢʛ ʜʦ 9,370 ʢʛ (ʩʥʠʞʝʥʠʝ ʥʘ 34%). 

3. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʳ. 
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ɿɸɼɸʅʀɽ 

 

1. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʠʟʜʝʣʠʷ ʚ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ: 

- ʙʝʟ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ï ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ; 

- ʩ ʜʚʫʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ï ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ; 

- ʩ ʪʨʝʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ï ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ; 

- ʩ ʯʝʪʳʨʴʤʷ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ï ʯʝʪʚʝʨʪʳʡ ʚʘʨʠʘʥʪ; 

- ʩ ʧʷʪʴʶ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ï ʧʷʪʳʡ ʚʘʨʠʘʥʪ. 

2. ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʡ ʰʝʩʪʠ ʚʘʨʠʘʥʪʦʚ (ʩ ʫʯʝʪʦʤ ʜʘʥ-

ʥʳʭ ʧʨʠʤʝʨʘ), ʦʮʝʥʠʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʚʘʨʠʘʥʪʦʚ ʩ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

3. ʉʦʩʪʘʚʠʪʴ ʦʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʇʦʥʷʪʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

2.  ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ SolidWorks Simulation. 

3.  ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʤʦʜʫʣʷ  SolidWorks Simulation. 

4.  ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ. 

5.  ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

6.  ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ. 

7.  ʇʦʨʷʜʦʢ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʚʘʨʠʘʥʪʘ. 

8.  ʂʘʢʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʠʟ ʰʝʩʪʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ.. 

9.  ʂʘʢʠʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʤʘʩʩʫ 

ʠʟʜʝʣʠʷ. 

10.  ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ SolidWorks Simulation. 
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7. ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʀɿɼɽʃʀʗ 

ʅɸ ʆʉʅʆɺɽ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʄʆɼɽʃʀ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʦʝʢʪʘ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ. 

- ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ  SolidWorks Flow Simula-

tion ʠ  SolidWorks Simulation 

ʉʇʈɸɺʂɸ 

           ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ 

ʥʘʙʦʨʘ ʠʭ ʩʚʦʡʩʪʚ (ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʤʥʦʛʦʨʝʞʠʤʥʳʭ ʫʩʣʦ-

ʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

           ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʝʡ ʨʘʙʦʪ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠ 

ʨʝʞʠʤʦʚ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʵʪʠʭ ʮʝʣʷʭ ʩʠʩʪʝʤ ʚʠʨʪʫ-

ʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʩʫʱʠʭ ʠʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪ ʧʨʦʮʝʜʫʨʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʩʪʘʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ) ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ) ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘ-

ʜʘʯ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʟʘʜʘʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 
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ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʕʪʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

 ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ ʧʦ ʝʝ ʩʙʦʨʢʝ. ʇʨʠ 

ʵʪʦʤ ʩʘʤʘ ʤʦʜʝʣʴ ʩʢʨʳʪʘ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʥʝʜʦʩʪʫʧʥʘ ʝʤʫ.  

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ: 

o ʬʫʥʢʮʠʠ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʥʦʚʳʭ ʙʣʦʢʦʚ ʤʦʜʝʣʠ; 

o ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʪʝʣ ʤʦʜʝʣʠ; 

o ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʤʘʪʝʨʠʘʣʘ, 

ʛʝʦʤʝʪʨʠʠ); 

o ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʡ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʢʘʢ 

ʚʥʫʪʨʝʥʥʝʛʦ, ʪʘʢ ʠ ʚʥʝʰʥʝʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʷʚʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ. 

          ɺ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʣʘʥʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ, ʠʤʝʶʱʠʝ ʩʪʘʙʠʣʴʥʫʶ (ʨʝʛʫʣʷʨʥʫʶ) ʩʪʨʫʢʪʫʨʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʚʘʨʴʠ-

ʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʣʘʥʳ ʚ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʥʘ ʝʝ ʦʩʥʦʚʝ ʥʘʙʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ  ʧʨʦʮʝʩʩʦʚ. ʈʝʛʫʣʷʨʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨ ʦʙʣʘʜʘʶʪ, ʥʘʧʨʠʤʝʨ,  ʧʣʘʥʳ 

ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʛʨʘʥʠʯʝʥʦ), ʧʣʘʥʳ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʈʝʭʪʰʘʬʥʝʨʘ (ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʛʨʘʥʠʯʝʥʦ), ɹʦʢʩʘ-

ɼʨʝʡʧʝʨʘ (ʧʨʠ ʯʠʩʣʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 2 ʜʦ 15), ʧʣʘʥʳ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨ-ʛʨʝʢʦ-

ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ (ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʛʨʘʥʠʯʝʥʦ). ʏʠʩʣʦ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʠʥʜʝʢʩʫ ʧʝʨʝʯʠʩʣʝʥ-
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ʥʳʭ ʧʣʘʥʦʚ. 

 ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʦʙʣʘʩʪʴ ʦʧʪʠʤʫʤʘ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʦʣʠʥʦʤʘʤʠ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʥʘʧʨʠʤʝʨ, ʚʠʜʘ 
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          ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʘʢʦʡ ʬʦʨʤʝ ʤʦʜʝʣʠ ʧʣʘʥʳ ʈʝʭʪʰʘʬʥʝʨʘ ʷʚʣʷʶʪʩʷ 

ʥʘʩʳʱʝʥʥʳʤʠ (ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʚʥʦ ʯʠʩʣʫ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩ-

ʩʠʠ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʙʦʨʢʠ ʩʪʨʦʢ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ [1]. ʉʧʦʩʦʙ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʷʩʝʥ ʠʟ ʪʘʙʣʠʮʳ 1. 

 

      ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʣʘʥʦʚ ʈʝʭʪʰʘʬʥʝʨʘ 

ʅʦʤʝʨ ʤʥʦʞʝ-

ʩʪʚʘ 

ʊʦʯʢʠ ʤʥʦʞʝʩʪʚʘ ʏʠʩʣʦ ʦʧʳʪʦʚ  

ʤʥʦʞʝʩʪʚʘ 

I (-1,...,-1) ʜʣʷ ʚʩʝʭ k 1 

II  (-1, 1,...,1) ʜʣʷ ʚʩʝʭ k k 

III  (-1,-1,1) ʜʣʷ k=3 

(1,1,-1,...,-1) ʜʣʷ k >3 

(k-1)k/2 

 

IV (1,0,0,...,0) ʜʣʷ ʚʩʝʭ k 

 

          ɸʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠ-

ʟʦʚʘʥ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʜʫʣʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʟʜʝʣʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ API-

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʩʠʩʪʝʤʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʨʘʩ-

ʯʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʛʦ ʠʟʜʝʣʠʷ; 
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- ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ; 

- ʟʘʜʘʥʠʝ (ʫʢʘʟʘʥʠʝ ʚ ʤʦʜʝʣʠ) ʯʠʩʣʘ ʠ ʪʠʧʘʞʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ-

ʜʝʣʠʷ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʬʠʢʩʘʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʩ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʦʢʘʤ ʧʣʘʥʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ; 

- ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʠʟʜʝʣʠʶ; 

- ʚʝʨʠʬʠʢʘʮʠʷ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʩ ʧʦʣʫʯʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟ-

ʜʝʣʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʘʥʢ ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʨʝʰʝʥʠʡ ʧʦ ʜʦʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʵʣʝʤʝʥʪʦʚ ʠ ʩʙʦʨʦʢ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚʘʤʠ: ʩʪʫʧʝʥʯʘʪʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʧʦ ʨʝʞʠʤʘʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; ʘʜʘʧʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʚʦʡʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

         ʄʥʦʛʦʨʝʞʠʤʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʱʝʛʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʤʫ ʠʟʜʝʣʠʶ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʧʨʝʜʧʦʩʣʝʜʥʝʤ ʧʫʥʢʪʝ ʘʣʛʦʨʠʪʤʘ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ, ʠʩʢʣʶʯʘʶʱʠʡ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʦʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʇʘ-

ʨʝʪʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʜʝʥʠʷ ʟʘʜʘʯʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʯʘʩʪʥʳʭ 
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ʢʨʠʪʝʨʠʝʚ ʢ ʟʘʜʘʯʝ ʩ ʦʜʥʠʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʟʥʘ-

ʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʪʦʯ-

ʥʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

         ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦ ʥʝʡ 

ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʇʘʨʝʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩ-

ʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [2]: 

ʝʩʣʠ  i >> min, ʪʦ 

ʂ=( w  i 2(j i / j i min -1)2)0.5; 

ʝʩʣʠ  i >> max, ʪʦ 

ʂ=( w  i 2(j i max / j i -1)2)0.5. 

        ɿʜʝʩʴ  j ʠ w  ï ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʠ ʠʭ çʚʝʩʦʚʳʝè ʟʥʘʯʝʥʠʷ. 

         ʂʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ  ʟʘʧʠʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ "ʧʨʦʛʠʙʘ" - ʪʦʯʢʠ 

ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʧʨʦʝʢʪʘ. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʫʪʦʯʥʷʶʪʩʷ 

ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʫʞʝʥʠʷ ʠʥ-

ʪʝʨʚʘʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʦʣʦ ʪʦʯʢʠ ʦʧʪʠʤʫʤʘ (ʧʨʦʛʠʙʘ),  

ʪʘʢ ʢʘʢ "ʚʝʩʘ" ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ  ʰʠʨʠʥʳ ʫʯʘʩʪʢʘ ʚʘʨʴʠʨʦʚʘʥʠʷ.  

        ʀʩʢʦʤʳʡ ʚʝʢʪʦʨ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ W ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʘʨʝʪʦ. ɽʛʦ ʧʦʠʩʢ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫ-

ʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʧʨʦʚʦʜʠʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, j
1min), ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʫʯʝ-

ʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (j
i ʧʨʠ  

j
1min ); 

- ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʘʩʪʥʳʭ ʦʧʪʠʤʠʟʘʮʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʌ. 

         ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʯʘʩʪʥʳʭ 

ʢʨʠʪʝʨʠʝʚ. 

ʄʘʪʨʠʮʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʌ ʩʚʷʟʘʥʘ ʩ ʚʝʢʪʦʨʦʤ ʚʝʩʦʚ W ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʌ W = ʝ, 
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ʛʜʝ ʝʪ = [1, 1, ..., 1] - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ. 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʩʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ: 

ʌ-1ʌW = ʌ -1 ʝ, 

W = ʌ-1ʝ. 

          

ʉ ʥʘʡʜʝʥʥʳʤ ʚʝʢʪʦʨʦʤ W ʧʨʦʚʦʜʠʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ 

ʢʘʯʝʩʪʚʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪ ʜʦ ʤʦʤʝʥʪʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ 

K j - K j+1  ¢ e; 

g j  ¢  [ g j ] , 

ʛʜʝ  e - ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʂ (1, 5, 10 %); 

   [ g j ] - ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. 

 

ʇʈʀʄɽʈ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ç1è - ʵʣʝʤʝʥʪʘ 

ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠʟʜʝʣʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʦʙʱʠʡ ʚʠʜ ï ʥʘ ʨʠʩʫʥ-

ʢʝ 2. 

2. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

3. ɺʩʝ ʵʣʝʤʝʥʪʳ ʠʟʜʝʣʠʷ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 2 

ʤʤ. 

4. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ dm/dt =0,1 ʢʛ/ʩ2, ʪʝʤʧʝʨʘʪʫʨʘ 4000ʉ, 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ 2%. 

5. ɺʳʭʦʜʥʦʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

6. ʏʘʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: 

¶ ʤʘʩʩʘ ʠʟʜʝʣʠʷ (ű1 = ʄ >> min); 

¶ ʩʫʤʤʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ (ű2 = S >> min); 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ (ű3 = V >> min); 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ 
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(ű4 = T >> min). 

7. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ (ʂ >> min) ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠʚʦʨʝ-

ʯʠʚʳʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʤʝʝʪ ʚʠʜ: 

ʂ=( w  i 2(j i / j i min -1)2)0.5; 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

1. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʣʘʥʘ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʫʡʪʝ ʧʝʨʚʫʶ 

ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʳ (ʬʦʨʤʠʨʦʚʘʥʠʝ D-ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʧʣʘʥʦʚ 

ʈʝʭʪʰʘʬʥʝʨʘ ʥʘ 4 ʬʘʢʪʦʨʘ) optima_r.mcd. 

2. ʈʘʟʨʘʙʦʪʘʡʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʚʘʨʠʘʥʪʘ ʧʣʘʥʘ 3D-ʤʦʜʝʣʠ 

ʜʝʪʘʣʝʡ ʠ 3D-ʤʦʜʝʣʠ ʩʙʦʨʢʠ ʚ ʩʠʩʪʝʤʝ SolidWorks. 

3. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʤʦʜʫʣʴ 

SolidWorks Flow Simulation. 

4. ʉʬʦʨʤʠʨʫʡʪʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʯʝʪʳ (ʤʦʜʫʣʴ SolidWorks Flow Simula-

tion) ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʣʘʥʘ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

5. ʇʝʨʝʚʝʜʠʪʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʚ ʙʝʟʨʘʟ-

ʤʝʨʥʳʡ ʚʠʜ, ʨʘʩʩʯʠʪʘʡʪʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

6. ɺʚʝʜʠʪʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʚ ʚʝʢ-

ʪʦʨ-ʩʪʨʦʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ optima_r.mcd. 

7. ʋʩʪʘʥʦʚʠʪʝ ʥʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʧʨʝʜʝʣʦʚ ʚʘʨʴʠʨʦ-

ʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ ʚʪʦʨʦʡ ʯʘʩʪʠ 

(ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ)  ʧʨʦʛʨʘʤʤʳ optima_r.mcd. 

8. ɿʘʬʠʢʩʠʨʫʡʪʝ ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ (ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ). 

9. ʈʘʟʨʘʙʦʪʘʡʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʥʘʙʦʨʦʤ 

ʜʘʥʥʳʭ 3D-ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʠ 3D-ʤʦʜʝʣʠ ʩʙʦʨʢʠ ʚ ʩʠʩʪʝʤʝ SolidWorks. 

10.  ʇʨʦʚʝʜʠʪʝ ʢʦʥʪʨʦʣʴʥʳʡ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʤʦʜʫʣʷ SolidWorks Flow Simulation. 
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ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʠʟʜʝʣʠʷ 

 

ʀʟʜʝʣʠʝ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ çʧʨʦʩʪʦʡ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠè (ʧʦ ʙʘʟʝ SolidWorks). 

 

 

 

 

               ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ 
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ʇʘʨʘʤʝʪʨ, 

ʤʤ 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 
ʀʜʝʥʪʠʬʠʢʘ-

ʪʦʨ ʅʠʞʥʠʡ 
ʉʨʝʜʥ


ʡ 
ɺʝʨʭʥʠʡ 

a 60 

b 80 100 140 x1 

c 5+e/2 

d 40 50 60 x2 

e 20 30 40 x3 

f 50 

r1 70 

r2 r1 100 130 x4 
 

 

ʈʝʰʝʥʠʝ. 

ʌʦʨʤʠʨʫʝʤ ʧʣʘʥ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 4 ʧʝʨʝʤʝʥʥʳʝ.  

 
 

ʆʧʳʪ ˉ b d e r2 

1 80 40 20 70 

2 80 60 4 130 

3 14 40 40 130 

4 140 60 20 130 

5 140 60 40 70 

6 140 60 20 70 

7 140 4 40 70 

8 140 40 20 100 

9 80 60 40 70 

10 80 60 20 130 

11 80 40 
0 130 

12 
40 50 
0 100 

13 100 60 30 100 

14 
00 50 40 100 

15 100 50 30 130 

 

 

 

 

 

 

 

 

 

 

ʉʪʨʦʠʤ 15 ʤʦʜʝʣʝʡ ʠʟʜʝʣʠʷ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 3 ï ɺʘʨʠʘʥʪ 1 ʈʠʩʫʥʦʢ 4 ï ɺʘʨʠʘʥʪ 2 

  
ʈʠʩʫʥʦʢ 5 ï ɺʘʨʠʘʥʪ 3 ʈʠʩʫʥʦʢ 6 ï ɺʘʨʠʘʥʪ 4 

  
ʈʠʩʫʥʦʢ 7 ï ɺʘʨʠʘʥʪ 5 ʈʠʩʫʥʦʢ 8 ï ɺʘʨʠʘʥʪ 6 

  
ʈʠʩʫʥʦʢ 9 ï ɺʘʨʠʘʥʪ 7 ʈʠʩʫʥʦʢ 10 ï ɺʘʨʠʘʥʪ 8 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 11 ï ɺʘʨʠʘʥʪ 0 ʈʠʩʫʥʦʢ 12 ï ɺʘʨʠʘʥʪ 10 

  
ʈʠʩʫʥʦʢ 13 ï ɺʘʨʠʘʥʪ 11 ʈʠʩʫʥʦʢ 14 ï ɺʘʨʠʘʥʪ 12 

  
ʈʠʩʫʥʦʢ 15 ï ɺʘʨʠʘʥʪ 13 ʈʠʩʫʥʦʢ 16 ï ɺʘʨʠʘʥʪ 14 

 
ʈʠʩʫʥʦʢ 17 ï ɺʘʨʠʘʥʪ 15 

  



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 18 ï ʇʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ 

  

ʇʨʦʚʦʜʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʛʘʟʦʚ ʜʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

200 ʠʪʝʨʘʮʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝ-

ʩʪʚʘ.  

 

ʍʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʛʘʟʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʘʭ 19..33. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

 

 
 

 

 
 

 

ʈʠʩʫʥʦʢ 19 ï ɺʘʨʠʘʥʪ 1 ʈʠʩʫʥʦʢ 20 ï ɺʘʨʠʘʥʪ 2 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 21 ï ɺʘʨʠʘʥʪ 3 ʈʠʩʫʥʦʢ 22ï ɺʘʨʠʘʥʪ 4 

 

 
 

 

 

 
 

 

ʈʠʩʫʥʦʢ 23 ï ɺʘʨʠʘʥʪ 5 ʈʠʩʫʥʦʢ 24 ï ɺʘʨʠʘʥʪ 6 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 25 ï ɺʘʨʠʘʥʪ 7 ʈʠʩʫʥʦʢ 26 ï ɺʘʨʠʘʥʪ 8 

  
 

 

ʈʠʩʫʥʦʢ 27 ï ɺʘʨʠʘʥʪ 9 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 28 ï ɺʘʨʠʘʥʪ 10 

 

 

 

 

 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

70 

 

  

 
 

 

 

 

 
 

 

 

 

ʈʠʩʫʥʦʢ 29 ï ɺʘʨʠʘʥʪ 11 ʈʠʩʫʥʦʢ 30 ï ɺʘʨʠʘʥʪ 12 

 
 

 
 

ʈʠʩʫʥʦʢ 31 ï ɺʘʨʠʘʥʪ 13 ʈʠʩʫʥʦʢ 32 ï ɺʘʨʠʘʥʪ 14 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 33 ï ɺʘʨʠʘʥʪ 15 

 

   ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 ̄ ʄ, ʢʛ S, ʤ2 V, ʤ/ʩ T, ʦʂ ʂ 

1 2.
9 0.344 118.90 569.91 1.
52 

2 4.
3 0.530 94.0 481.06 1.081 

3 5.08 0
665 58.99 448.25 1.38 

4 5.02 0.650 59.96 329.89 1.293 

5 3.59 0.4
8 122.26 667.36 1.576 

6 3.42 0.443 73.09 4
8.88 0.578 

7 3. 
.480 122.33 678.6 1.626 

8 4.94 0.639 61.13 332.24 1.249 

9 2.88 0.373 137.99 687.21 1.731 

10 3.73 0.483 67.61 357.68 0.621 

11 3.85 0.500 91.03 464.46 0.952 

12 4.29 0.556 74.10 395.28 0.957 

13 3.68 0.477 78.88 434.70 0.737 

14 3.70 0.479 94.17 539.64 1.049 

15 4.26 0.552 78.34 411.79 0.976 
 

ɺ ʧʨʦʛʨʘʤʤʝ Optima ʟʘʜʘʝʤ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʢʘ-

ʯʝʩʪʚʘ  

 
- ʟʥʘʯʝʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ   



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʧʘʨʘʤʝʪʨʦʚ. 

-  

-  
 

-  

-  
 

- ʇʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ: 

- ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʦʯʢʝ ʦʧʪʠʤʫʤʘ ʠ ʤʠ-

ʥʠʤʫʤ ʟʥʘʯʝʥʠʷ 

 ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ (ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ) 

-  
- ʢʦʥʪʨʦʣʴʥʳʡ ʧʝʨʝʩʯʝʪ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ  

-  
- ʢʦʥʪʨʦʣʴʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʚ ʫʟʣʦʚʳʭ 

ʪʦʯʢʘʭʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ  ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʘʤ (b = 92.4;  d = 

59.9 

 e = 20.1;  r2 = 99.2) ʩʪʨʦʠʤ 3D-ʤʦʜʝʣʴ çʦʧʪʠʤʘʣʴʥʛʦè 

ʠʟʜʝʣʠʷ (ʨʠʩʫʥʦʢ 34). 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʈʠʩʫʥʦʢ 34 ï çʆʧʪʠʤʘʣʴʥʳʡè ʚʘʨʠʘʥʪ ʠʟʜʝʣʠʷ 

ʀʩʩʣʝʜʫʝʤ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʛʘʟʦʚ (ʨʠʩʫʥʦʢ 35) ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ  (ʄ =  3.54 ʢʛ; S =  

0.466 ʤ2;   

V =  61.15 ʤ/ʩ; T = 342 ʦʂ ). ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʦʝ ʟʘʯʝʥʠʝ 

ʠʥʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʨʘʚʥʦ 0.513. 

 
ʈʠʩʫʥʦʢ 35 ï ʍʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʛʘʟʦʚ ʜʣʷ çʦʧʪʠʤʘʣʴʥʦʛʦè ʠʟʜʝʣʠʷ 

 

ɺʳʚʦʜʳ: 
 

1. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ  ʤʦʜʝʣʠ. 

2. ʇʦʣʫʯʝʥʳ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ  ʠʟʜʝʣʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʫ: 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 
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ʄ =  3.54 ʢʛ; S =  0.466 ʤ2;  V =  61.15 ʤ/ʩ; T = 342 ʦʂ. 

3.  ʆʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤʟʥʘʯʝʥʠʝʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

çʦʧʪʠʤʘʣʴʥʦʛʦè ʚʘʨʠʘʥʪʘ ʠʟʜʝʣʠʷ (ʭʦʪʷ ʵʪʦ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤ ʠʟ 16 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʦʚ). ʕʪʦʪ ʬʘʢʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʩʪʦʷʥʠʷ (ʂ) ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʛʘʟʦʚ. 

ɿɸɼɸʅʀɽ 

 

1. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ  ʤʦʜʝʣʠ 

ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

¶ ʧʘʨʘʤʝʪʨ çʝè ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʨʘʚʝʥ 30 ʤʤ; 

¶ ʧʘʨʘʤʝʪʨ çʘè ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20..60 ʤʤ; 

¶ ʚʤʝʩʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʯʝʪʚʝʨʪʳʤ ʯʘʩʪʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷ-

ʝʪʩʷ ʚʪʦʨʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠʟʜʝʣʠʷ (ʩʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʧʦʢʘ-

ʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 36 ï ʧʦ ʥʘʨʫʞʥʦʡ ʛʨʘʥʠ 50 ʭ 10 ʤʤ ʩ ʜʚʫʭ ʩʪʦʨʦʥ 

ʠʟʜʝʣʠʷ). 

 

2. ʉʦʩʪʘʚʠʪʴ ʦʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 
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ʈʠʩʫʥʦʢ 36 ï ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʠʟʜʝʣʠʷ 

 

 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

 

1. ʇʦʥʷʪʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

2. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʝʡ SolidWorks Simulation ʠ SolidWorks Flow Simula-

tion ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʜʝʣʠʡ ʘʚʪʦʤʦʙʠʣʝ-

ʩʪʨʦʝʥʠʷ. 

3. ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʦʜʫʣʷ  SolidWorks Simulation ʠ SolidWorks Flow Simulation. 

4. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ. 

5. ʇʨʠʯʠʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʚʫʭ çʦʧʪʠʤʘʣʴʥʳʭè ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 
ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ. 

6. ʅʘʩʢʦʣʴʢʦ çʦʧʪʠʤʘʣʝʥè ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

7. ʂʘʢʠʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʘʞ-
ʜʳʡ ʠʟ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. 
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8. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ SolidWorks Simulation  ʠ 

SolidWorks Flow Simulation. 
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8. ʆʇʊʀʄʀɿɸʎʀʗ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ɸɺʊʆʄʆɹʀʃʗ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ  ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦ-

ʚʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

- ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʚ ʩʨʝʜʘʭ SolidWorks Flow Simulation,  

MathCAD. 

ʉʇʈɸɺʂɸ 

 

           ɸʚʪʦʤʦʙʠʣʴ ʚ ʜʚʠʞʝʥʠʠ ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʤʥʦʞʝʩʪʚʘ ʩʠʣʦ-

ʚʳʭ ʬʘʢʪʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ: ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʦʟʜʫʭʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʜʲʝʤʫ ʠ ʠʥʝʨʮʠʦʥʥʳʝ 

ʩʠʣʳ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʜʚʝ. ʉʠʣʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʣʝʩʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʝʬʦʨʤʘ-

ʮʠʠ ʰʠʥʳ ʠ ʜʦʨʦʛʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʅʦ ʫʞʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 50-60 

ʢʤ/ʯ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʝʚʳʰʘʝʪ ʣʶʙʫʶ ʜʨʫʛʫʶ, ʘ ʥʘ ʩʢʦʨʦ-

ʩʪʷʭ ʩʚʳʰʝ 70-100 ʢʤ/ʯ ʧʨʝʚʦʩʭʦʜʠʪ ʠʭ ʚʩʝ ʚʤʝʩʪʝ ʚʟʷʪʳʝ. 

           ʕʣʝʤʝʥʪʳ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʠʣʷ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦ-

ʮʝʩʩ ʜʚʠʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ.  

           ʇʝʨʝʜʥʷʷ ʯʘʩʪʴ ʢʫʟʦʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʣʫʯʰʝʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʢʫʟʦʚʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʠʟʢʦʡ, ʰʠʨʦʢʦʡ ʠ ʥʝ ʠʤʝʪʴ ʦʩʪʨʳʭ ʫʛʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʪʨʳʚʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʪʝʢʘʝʤʦ-

ʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. 

           ʈʝʰʝʪʢʘ ʨʘʜʠʘʪʦʨʘ - ʵʣʝʤʝʥʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ, ʥʦ ʠ ʜʝʢʦ-

ʨʘʪʠʚʥʳʡ. ʈʘʜʠʘʪʦʨ ʠ ʜʚʠʛʘʪʝʣʴ ʜʦʣʞʥʳ ʠʤʝʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʜʫʚ. ʅʝʢʦ-

ʪʦʨʳʝ ʘʚʪʦʢʦʥʮʝʨʥʳ ʠʟʫʯʘʶʪ ʵʨʛʦʥʦʤʠʢʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦ-
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ʪʦʢʦʚ ʚ ʧʦʜʢʘʧʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʪʦʣʴ ʞʝ ʩʝʨʴʝʟʥʦ, ʢʘʢ ʠ ʦʙʱʫʶ ʘʵʨʦ-

ʜʠʥʘʤʠʢʫ ʘʚʪʦʤʦʙʠʣʷ. 

           ʅʘʢʣʦʥ ʚʝʪʨʦʚʦʛʦ ʩʪʝʢʣʘ - ʷʨʢʠʡ ʧʨʠʤʝʨ ʢʦʤʧʨʦʤʠʩʩʘ ʦʙʪʝʢʘʝʤʦʩʪʠ, 

ʵʨʛʦʥʦʤʠʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʘʯʝʩʪʚ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʝʛʦ ʥʘʢʣʦʥ ʩʦ-

ʟʜʘʝʪ ʠʟʣʠʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʘ ʯʨʝʟʤʝʨʥʳʡ - ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʳʣʝʥʥʦʩʪʴ 

ʠ ʤʘʩʩʫ ʩʘʤʦʛʦ ʩʪʝʢʣʘ, ʚ ʩʫʤʝʨʢʘʭ ʨʝʟʢʦ ʧʘʜʘʝʪ ʦʙʟʦʨʥʦʩʪʴ, ʪʨʝʙʫʝʪʩʷ ʫʚʝ-

ʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʩʪʝʢʣʦʦʯʠʩʪʠʪʝʣʷ ʠ ʪ.ʜ. ʇʝʨʝʭʦʜ ʦʪ ʩʪʝʢʣʘ ʢ ʙʦʢʦʚʠʥʝ 

ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʣʘʚʥʦ, ʥʦ ʠʟʣʠʰʥʷʷ ʢʨʠʚʠʟʥʘ ʩʪʝʢʣʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʩʢʘʞʝʥʠʝ ʠ ʫʭʫʜʰʘʝʪ ʚʠʜʠʤʦʩʪʴ. 

           ɺʣʠʷʥʠʝ ʩʪʦʡʢʠ ʚʝʪʨʦʚʦʛʦ ʩʪʝʢʣʘ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʚʝʪʨʦʚʦʛʦ ʩʪʝʢʣʘ, ʬʦʨʤʳ ʧʝʨʝʜ-

ʢʘ ʘʚʪʦʤʦʙʠʣʷ. ʆʧʨʝʜʝʣʷʷ ʬʦʨʤʫ ʩʪʦʡʢʠ, ʫʯʠʪʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʱʠ-

ʪʳ ʧʝʨʝʜʥʠʭ ʙʦʢʦʚʳʭ ʩʪʝʢʦʣ ʦʪ ʧʦʧʘʜʘʥʠʷ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʠ ʛʨʷʟʠ, ʩʜʫʚʘʝ-

ʤʦʡ ʩ ʚʝʪʨʦʚʦʛʦ ʩʪʝʢʣʘ, ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʚʥʝʰʥʝʛʦ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʠ ʜʨʫʛʠʝ ʤʦʤʝʥʪʳ. 

           ʂʨʳʰʘ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʧʫʢʣʦʩʪʠ ʢʨʳʰʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝ-

ʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʧʫʢʣʦʩʪʠ ʤʦʞʝʪ ʢʦʥʬʣʠʢʪʦʚʘʪʴ ʩ ʦʙʱʠʤ ʜʠʟʘʡʥʦʤ ʘʚʪʦʤʦ-

ʙʠʣ̫. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʧʫʢʣʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦ ʩʠʣʘ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚʦʟʨʘʩʪʘʝʪ. ɽʩʣʠ ʧʦʧʳʪʘʪʴʩʷ ʩʦʭʨʘʥʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʚʳ-

ʩʦʪʫ, ʪʦ ʚʝʪʨʦʚʦʝ ʠ ʟʘʜʥʝʝ ʩʪʝʢʣʘ ʜʦʣʞʥʳ ʙʫʜʫʪ ʚʥʝʜʨʷʪʴʩʷ ʚ ʢʨʳʰʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʙʟʦʨʥʦʩʪʴ ʫʭʫʜʰʘʪʴʩʷ ʥʝ ʜʦʣʞʥʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʦʨʦʞʘʥʠʶ 

ʩʪʝʢʦʣ, ʫʤʝʥʴʰʝʥʠʝ ʞʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦ. 

           ɹʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʘʚʪʦʤʦʙʠʣʷ ʙʦ-

ʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ ʙʝʟʚʠʭʨʝʚʦ-

ʛʦ ʧʦʪʦʢʘ. ʉʪʝʢʣʘ ʜʦʣʞʥʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʩʪʘʚʣʷʪʴ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ ʙʦ-

ʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʥʘʨʫʞʥʳʤ ʢʦʥʪʫ-
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ʨʦʤ ʘʚʪʦʤʦʙʠʣʷ. ʃʶʙʳʝ ʩʪʫʧʝʥʴʢʠ ʠ ʧʝʨʝʤʳʯʢʠ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʟʘʚʠʭ-

ʨʝʥʠʷ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦʜʦʩʪʦʯʥʳʝ ʞʝʣʦʙʘ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʤ ʘʚʪʦʤʦʙʠʣʝ, ʫʞʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʇʦʷʚʠ-

ʣʠʩʴ ʠʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʝ ʙʦʣʴʰʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ ʘʚʪʦʤʦʙʠʣʷ.  

           ɿʘʜʥʷʷ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʦʙʪʝʢʘʝʤʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʚʦʟʜʫʰʥʳʡ 

ʧʦʪʦʢ ʦʪʨʳʚʘʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʟʘʚʠʭʨʝʥʠʷ. ɿʘʜʥʶʶ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʘʢʦʡ ʞʝ ʦʙʪʝʢʘʝʤʦʡ, ʢʘʢ ʜʠʨʠʞʘʙʣʴ (ʜʣʠʥʘ ʚ 

6 ʨʘʟ ʙʦʣʴʰʝ ʰʠʨʠʥʳ). ʇʦʵʪʦʤʫ ʥʘʜ ʝʝ ʬʦʨʤʦʡ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ. 

           ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ - ʫʛʦʣ ʥʘʢʣʦʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦ-

ʙʠʣʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʘʚʪʦʤʦʙʠʣʷ "ʄʦʩʢʚʠʯ-2141" ʥʝʫʜʘʯ-

ʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʥʝʡ ʯʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʣʦ ʦʙʱʫʶ ʘʵʨʦʜʠʥʘʤʠʢʫ ʘʚ-

ʪʦʤʦʙʠʣʷ, ʭʦʪʷ ʝʛʦ ʟʘʜʥʝʝ ʩʪʝʢʣʦ ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʯʠʩʪʳʤ. ʄʥʦʛʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʝʣʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʟʘʜʥʶʶ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠ-

ʣʷ: ʘʥʪʠʢʨʳʣʴʷ, ʩʧʦʡʣʝʨʳ ʠ ʪ.ʜ. ʅʘʨʷʜʫ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʬʦʨʤʘ ʙʦ-

ʢʦʚʦʡ ʢʨʦʤʢʠ ʟʘʜʥʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ʂʫʟʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʜʝʣʘʶʪ ʩʧʝʨʝʜʠ ʰʠʨʝ, ʯʝʤ ʩʟʘʜʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʦʙʪʝʢʘʝʤʦʩʪʠ.  

          ɼʥʠʱʝ ʘʚʪʦʤʦʙʠʣʷ. ʕʪʘ ʯʘʩʪʴ ʢʫʟʦʚʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷ-

ʥʠʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ. ʈʘʟʣʠʯʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʫ-

ʟʦʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʪʘʢ ʠ ʢ çʧʨʠʣʠ-

ʧʘʥʠʶè ʘʚʪʦʤʦʙʠʣʷ ʢ ʜʦʨʦʛʝ ʟʘ ʩʯʝʪ ʨʘʟʨʷʞʝʥʠʷ ʚʦʟʜʫʭʘ. ɺʩʝ ʵʪʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. 

          ɺʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʦʙʪʝʢʘʶʱʠʡ ʘʚʪʦʤʦʙʠʣʴ, ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩ ʧʨʦʚʘʣʘʤʠ, ʥʝʨʦʚʥʦʩʪʷʤʠ ʠ ʩʪʳʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʚʩʣʝʜ ʟʘ ʦʪʨʳʚʦʤ ʧʦʪʦʢ ʩʥʦʚʘ ʧʨʠʣʝʛʘʝʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʧʨʦʤʝʞʫʪʢʝ ʚʦʟ-

ʥʠʢʘʶʪ ʚʠʭʨʠ. ʊʘʢʠʝ ʚʠʭʨʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʩʣʝʜʫʶʱʠʭ ʤʝʩʪʘʭ: ʥʘ ʧʝ-
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ʨʝʜʥʝʡ ʢʨʦʤʢʝ ʢʘʧʦʪʘ; ʩʙʦʢʫ ʥʘ ʢʨʳʣʴʷʭ; ʚ ʟʦʥʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝʥʠ-

ʝʤ ʢʘʧʦʪʘ ʠ ʚʝʪʨʦʚʦʛʦ ʩʪʝʢʣʘ; ʥʘ ʧʝʨʝʜʥʝʤ ʩʧʦʡʣʝʨʝ ʠ, ʚʦʟʤʦʞʥʦ, ʚ ʟʦʥʝ 

ʠʟʣʦʤʘ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʡ ʬʦʨʤʝ ʟʘʜʥʝʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʷ.  

          ɺʠʭʨʝʚʦʡ ʩʣʝʜ ʟʘ ʟʘʜʥʝʡ ʢʨʦʤʢʦʡ ʢʫʟʦʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ɺʦʟʥʠ-

ʢʘʶʱʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʦʩʠʪ ʜʚʫʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʠʭʨʠ ʥʝ ʭʘʦʪʠʯʥʦ "ʙʫʨʣʷʪ", ʘ ʜʚʠʞʫʪʩʷ ʚʦʢʨʫʛ ʦʩʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʟʘʜʥʝʡ ʢʨʦʤʢʝ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʙʝʛʘʶʱʝʤʫ 

ʧʦʪʦʢʫ. ʅʠʞʥʠʡ ʚʠʭʨʴ ʚʨʘʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ; 

ʠʤʝʥʥʦ ʦʥ ʧʝʨʝʥʦʩʠʪ ʯʘʩʪʠʮʳ ʛʨʷʟʠ ʥʘ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʘʚʪʦʤʦʙʠʣʷ. 

ɺʝʨʭʥʠʡ ʚʠʭʨʴ ʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʪ.ʝ. ʧʦ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʟʘʜʥʷʷ ʜʚʝʨʴ ʭʵʪʯʙʝʢʘ ʠʣʠ ʫʥʠʚʝʨʩʘʣʘ ʟʘʛʨʷʟʥʷ-

ʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʟʘʜʥʝʡ ʯʘʩʪʠ ʩʝʜʘʥʘ ʠʣʠ ʢʫʧʝ - ʙʦʣʴʰʘʷ ʨʘʚʥʦʤʝʨʥʘʷ 

ʧʣʦʱʘʜʴ ʟʘ ʣʠʥʠʝʡ ʦʪʨʳʚʘ ʩʦʟʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʚʠʭʨʝʚʳʝ ʧʦʪʦ-

ʢʠ, ʢʦʪʦʨʳʝ ʧʦʜʥʠʤʘʶʪ ʛʨʷʟʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ 

ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ ʘʵʨʦʜʠʥʘʤʠʢʫ ʘʚʪʦʤʦʙʠʣʷ. ʊʘʢ ʢʘʢ ʥʘʙʝʛʘʶʱʝʤʫ ʚʦʟʜʫʭʫ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʭʦʜʠʪʴ ʧʨʷʤʦ ʥʘʜ ʚʠʭʨʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʥʠʞʥʠʤ ʩʣʦʝʤ, 

ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʣʫ ʪʨʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

          ɼʣʷ ʦʮʝʥʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʚʦʜʷʪ ʥʘʪʫʨ-

ʥʳʝ, ʤʦʜʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʯʠʩʣʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘ-

ʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʘʭ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

          ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʷʚʣʷʝʪʩʷ 

SolidWorks Flow Simulation. ʇʦʨʷʜʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦ-

ʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʡ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʲʝʤʘʭ.   

ʇʈʀʄɽʈ 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʩʢʨʫʛʣʝʥʠʷ ʟʘʜʢʘ ʢʫʟʦʚʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʨʘʮʠʦ-

ʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘʨʥʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡ-
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ʩʪʚʠʝ ʧʦʪʦʢʘ ʥʘ ʟʘʜʥʶʶ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʙʳʣʦ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤ, ʘ ʤʦʤʝʥʪ 

ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠʟʜʝʣʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʘ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʟʘʜʢʘ  ï ʥʘ ʨʠʩʫʥʢʝ 2. 

1. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 20é40 ʤ/ʩ. 

2. ɸʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʝ. 

3. ʏʘʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: 

- ʩʫʤʤʘʨʥʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʥʘ ʟʘʜʥʶʶ ʯʘʩʪʴ ʘʚʪʦʤʦ-

ʙʠʣʷ (ű1 = F >> min); 

- ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʵʪʦʛʦ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ Z (ʦʪʨʠʮʘʪʝʣʴʥʳʡ) (ű2 = Mz >> max); 

4. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ (ʂ >> min) ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠ-

ʚʦʨʝʯʠʚʳʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʤʝʝʪ ʚʠʜ: 

 

 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. 

1. ʀʩʧʦʣʴʟʫʝʤ ʧʣʘʥ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʜʚʘ ʧʘʨʘʤʝʪ-

ʨʘ: 

¶ R = 70é370 mm; 

¶ Vx = 20é40 m/c. 

2. ɺ ʤʘʩʪʝʨʝ ʧʦʩʪʨʦʝʥʠʷ ʫʢʘʟʳʚʘʝʤ ʪʠʧ ʟʘʜʘʯʠ External (ʨʠʩʫʥʦʢ 3) 

3. ʉʪʨʦʠʤ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4). 

4. ɿʘʜʘʝʤ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 5). 

5. ʈʝʘʣʠʟʫʝʤ ʯʝʪʳʨʝ ʨʘʩʯʝʪʘ ʧʦ ʪʘʙʣʠʮʝ ʇʌʕ (ʨʠʩʫʥʦʢ 6). 

6. ʆʧʨʝʜʝʣʷʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 

7). 

7.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ 8) 

2

2 0.5

i=1 min

K=( (  - 1) )
i

i

j

j
ä



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

82 

 

ʩʪʨʦʠʤ (MathCAD) ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʠ ʦʧʪʠʤʠʟʠʨʫʝʤ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʮʝʩʩʘ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʠʶ (ʨʠʩʫʥʦʢ 9). 

 

 
 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ 
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ʈʠʩʫʥʦʢ 2 ï ɿʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʋʢʘʟʘʥʠʝ ʪʠʧʘ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ 
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ʈʠʩʫʥʦʢ 4 ï ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʈʠʩʫʥʦʢ 5 ï ɿʘʜʘʥʠʝ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɿʘʜʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
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ʈʠʩʫʥʦʢ 7 ï ʕʧʶʨʘ ʧʦʣʷ ʜʘʚʣʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ 

ʚʘʨʠʘʥʪʘ 
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ʈʠʩʫʥʦʢ 9 ï ʋʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʟʘʮʠʠ 

 

ɺʳʚʦʜʳ: 

1. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ  ʤʦʜʝʣʠ. 

2. ʇʦʣʫʯʝʥʳ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ ʟʘʜʢʘ 

ʘʚʪʦʤʦʙʠʣʷ (R=177mm) ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ (Vx=27m/c),  

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʦʝʢʪʫ (ű1 = F >> min, ű2 = Mz >> max). 

ɿɸɼɸʅʀɽ 

 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʠ ʬʦʨʤʫ 

ʝʛʦ ʟʘʜʥʝʡ ʯʘʩʪʠ  ʜʣʷ ʤʦʜʝʣʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 10 (ʬʘʡʣ ʤʦʜʝʣʠ 

korpus.SLDPRT) ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 20é40 ʤ/ʩ; 

ʢʦʦʨʜʠʥʘʪʳ ʫʧʨʘʚʣʷʶʱʝʡ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩʫʥʦʢ 11) ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ X=2435é2930 ʤʤ, Y=660é260 

ʤʤ. ʀʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʫʧʨʘʚʣʷʶʱʝʡ ʪʦʯʢʠ ʧʘʨʥʦʝ; 

ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʌʕ ʥʘ ʜʚʝ ʧʝʨʝʤʝʥʥʳʝ; 

ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʍ. 

ʉʦʩʪʘʚʠʪʴ ʦʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 10 ï ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʋʧʨʘʚʣʷʶʱʘʷ ʪʦʯʢʘ ʢʦʥʪʫʨʘ ʘʚʪʦʤʦʙʠʣʷ 

 
 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʇʦʥʷʪʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

2. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʝʡ SolidWorks Flow Simulation ʧʦ ʨʝʰʝʥʠʶ ʟʘ-

ʜʘʯ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʜʝʣʠʡ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ. 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

89 

 

3. ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ  SolidWorks Flow Simulation. 

4. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ. 

5. ʅʘʩʢʦʣʴʢʦ çʦʧʪʠʤʘʣʝʥè ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

6. ʂʘʢʠʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʞʜʳʡ ʠʟ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ. 

7. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ SolidWorks Flow Simu-

lation. 
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ʢʠʥ, ɽ.ɺ. ʆʜʠʥʮʦʚ, ɸ.ʀ. ʍʘʨʠʪʦʥʦʚʠʯ, ʅ.ɹ. ʇʦʥʦʤʘʨʝʚ. - ʉʇʙ.: 

ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2008. - 1040 ʩ. 

4. ʅʝʬʝʜʦʚ ɸ.ʌ., ɺʳʩʦʯʠʥ ʃ.ʅ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦ-

ʙʠʣʝʡ. - ʃʴʚʦʚ: ɺʠʱʘ ʰʢʦʣʘ, 1976.-160 ʩ. 

5. ɿʝʜʛʠʥʠʜʟʝ ʀ.ɻ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. - ʄ.:  ʅʘʫʢʘ, 1976, - 390 ʩ. 

6. ʄʶʣʣʝʨ ʇ. ʀ ʜʨ. ʊʘʙʣʠʮʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ. - ʄ.: 

ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 1982, - 278 ʩ. 

7. ʊʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥ. ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ: ʉʧʨʘʚʦʯ-

ʥʠʢ./ʇʦʜ ʨʝʜ. ɺ.ɸ. ɻʨʠʛʦʨʴʝʚʘ ʠ ɺ.ʄ. ɿʦʨʠʥʘ. - ʄ,: ʕʥʝʨʛʦʠʟʜʘʪ, 

1982. - 512 ʩ. 

 

  



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

90 

 

9. ɻɽʅɽʊʀʏɽʉʂʀɽ ɸʃɻʆʈʀʊʄʓ. 

ʆʇʊʀʄʀɿɸʎʀʗ ʉɺʆʁʉʊɺ ʇʆɼɺɽʉʂʀ 

ʉɸʄʆʍʆɼʅʆɻʆ ʈɸɿʈʓʍʃʀʊɽʃʗ ʇʆʏɺʓ 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ; 

- ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʚ ʩʨʝʜʝ MathCAD. 

ʉʇʈɸɺʂɸ 

 

           ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʘʚʪʦʤʦʙʠʣʝ- ʠ ʪʨʘʢʪʦʨʦʩʪʨʦʝ-

ʥʠʷ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳ-

ʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʘʯʝʩʪʚʫ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʰʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ï ʦʨʛʘʥʠʟʘʮʠʠ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʠʥʞʝʥʝʨʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʨʠʨʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷ ʥʘʩʣʝʜ-

ʩʪʚʝʥʥʦʩʪʠ, ʠʟʤʝʥʯʠʚʦʩʪʠ, ʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʦʪʙʦʨʘ. ʇʦʠʩʢ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ 

(ʵʧʦʭ), ʥʘ ʦʩʥʦʚʝ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘè. 

          ʇʦʧʫʣʷʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʷʚʣʷʝʪʩʷ ʛʝʥʝ-

ʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ (ɼʞ. ɻʦʣʣʘʥʜ, çɸʜʘʧʪʘʮʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭè, 1975ʛ.). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʟʷʱʝʩʪʚʦʤ 

ʩʘʤʦʡ ʠʜʝʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ, ʦʩʥʦʚʥʦʝ, ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʨʫʛʠʝ 

ʘʣʛʦʨʠʪʤʳ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ ʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. 

         ʆʙʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ʌʦʨʤʠʨʫʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ï ʠʩʭʦʜʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ. 
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2. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʦʩʦʙʝʡ ʧʦʧʫʣʷʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ï ʵʪʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʝʨʠʷ 

ʢʘʯʝʩʪʚʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ. ɺ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʦʜ-

ʭʦʜʝ ʧʦʧʫʣʷʮʠʷ ï ʤʠʥʠʤʘʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʦʮʝʥʠʚʘʝʤʘʷ ʢʘʢ ʚʠʜ. ɺ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʧʦ ʚʩʝʤ ʦʩʦʙʷʤ ï ʚʘ-

ʨʠʘʥʪʘʤ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʤʥʦʞʝʩʪʚʦ. 

4. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʨʦʜʠʪʝʣʴʩʢʠʭ ʦʩʦʙʝʡ (ʚʩʝ ʦʩʦʙʠ-ʚʘʨʠʘʥʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʭʨʦʤʦʩʦʤʦʡ ï ʮʝʧʦʯʥʦʡ ʟʘʧʠʩʴʶ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʧʠʩʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ). 

5. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʨʝʱʠʚʘʥʠʝ (ʢʨʦʩʩʠʥʛʦʚʝʨ) ʨʦʜʠʪʝʣʴʩʢʠʭ ʦʩʦʙʝʡ - 

ʦʙʤʝʥ ʯʘʩʪʷʤʠ ʦʧʠʩʘʥʠʡ ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

6. ɺ ʚʘʨʠʘʥʪʳ-ʧʦʪʦʤʢʠ ʚʥʦʩʷʪʩʷ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ-ʤʫʪʘʮʠʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʝʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʡ ʧʨʠʝʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʙʦʣʴʰʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʢʦʤʙʠʥʘʮʠʷʭ 

ʩʚʦʡʩʪʚ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ. 

7. ʆʮʝʥʠʚʘʝʪʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʘʨʠ-

ʘʥʪʦʚ-ʧʦʪʦʤʢʦʚ. ʃʫʯʰʠʝ ʚʘʨʠʘʥʪʳ ʟʘʤʝʥʷʶʪ ʩʦʙʦʡ ʤʝʥʝʝ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥʥʳʝ ï ʩ çʭʫʜʰʠʤè ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ.  

8. ʌʠʢʩʠʨʫʝʪʩʷ ʬʘʢʪ ʦʢʦʥʯʘʥʠʷ çʧʨʦʞʠʪʦʡè ʵʧʦʭʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʚ ʥʦʚʫʶ ʵʧʦʭʫ ï ʢ ʥʘʯʘʣʫ ʥʦʚʦʡ ʠʪʝʨʘʮʠʠ ʚ ʨʘʩʯʝʪʘʭ ʚʘʨʠ-

ʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʧʝʨʝʭʦʜ ʢ ʧ.2 ʘʣʛʦʨʠʪʤʘ). 

        ʄʥʦʛʦʢʨʘʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ ʠʜʝʘʣʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦ-

ʧʫʣʷʮʠʠ - çʢʣʦʥʦʚè ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ï ʥʝ çʚʳʞʠʚʘʶʪè ʠʣʠ 

ʪʝʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʧʦʧʫʣʷʮʠʶ ʧʦ ʧʨʠʯʠʥʝ ʩʚʦʝʡ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʥʝʦʪʣʠʯʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ ʦʙʲʝʤ ʧʦʧʫʣʷʮʠʠ ʷʚ-

ʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

       ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪ-
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ʤʦʚ: 

1. ʇʨʦʙʣʝʤʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʂʘʢʦʚ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʜʦ-

ʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʧʦʧʫʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʭʦʞʜʝʥʠʝ çʦʧʪʠ-

ʤʘʣʴʥʦʛʦè ʚʘʨʠʘʥʪʘ? 

2. ʇʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ çʧʨʦʠʟʚʦʜʷʱʠʭè ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʂʘʢʠʤ 

ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʪʴ çʨʦʜʠʪʝʣʝʡè ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʨʠʘʥʪʦʚ-

ʧʦʪʦʤʢʦʚ? 

3. ʇʨʦʙʣʝʤʘ ʢʨʦʩʩʠʥʛʦʚʝʨʘ. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʤʝʥ ʩʚʦʡ-

ʩʪʚʘʤʠ ʨʦʜʠʪʝʣʴʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ? 

4. ʇʨʦʙʣʝʤʘ ʤʫʪʘʮʠʠ. ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʚʘʨʠʘʥʪʦʚ-ʧʦʪʦʤʢʦʚ ʩʣʝʜʫʝʪ ʠʟ-

ʤʝʥʷʪʴ ʠ ʥʘ ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-

ʩʪʚʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʘʨʠʘʥʪʦʚ ʚ ʧʦʧʫʣʷʮʠʠ? 

5. ʇʨʦʙʣʝʤʘ çʠʟʛʦʝʚè. ʂʘʢ ʧʦʩʪʫʧʘʪʴ ʩ ʚʘʨʠʘʥʪʘʤʠ-ʥʝʫʜʘʯʥʠʢʘʤʠ? ɺʩʷ 

ʠʩʪʦʨʠʷ ʪʝʭʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʩʝʨʴʝʟʥʦʤ ʧʦʪʝʥʮʠʘ-

ʣʝ ʨʘʟʥʦʛʦ ʨʦʜʘ çʥʝʩʚʦʝʚʨʝʤʝʥʥʳʭè, çʛʣʫʧʳʭè ʠ ʪ.ʧ. ʨʝʰʝʥʠʡ. 

6. ʇʨʦʙʣʝʤʘ çʧʝʨʠʦʜʘ ʨʘʟʚʠʪʠʷè ʧʦʧʫʣʷʮʠʠ. ʂʦʛʜʘ ʟʘʢʦʥʯʠʪʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʧʫʣʷʮʠʠ, ʯʝʨʝʟ ʩʢʦʣʴʢʦ ʵʧʦʭ-ʠʪʝʨʘʮʠʡ? 

7. ʇʨʦʙʣʝʤʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢʦʡ çʦʧʪʠ-

ʤʫʤè ʢʘʯʝʩʪʚʘ ʦʪʨʘʞʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: ʛʣʦ-

ʙʘʣʴʥʳʡ, ʣʦʢʘʣʴʥʳʡ? 

           ʆʩʪʘʚʠʚ ʚ ʩʪʦʨʦʥʝ ʙʝʟʫʩʣʦʚʥʫʶ çʠʥʪʝʨʝʩʥʦʩʪʴè ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʠʩ-

ʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʩʮʝʥʘʨʠʡ ʧʦʠʩʢʘ çʦʧʪʠʤʘʣʴʥʦʛʦè ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝ-

ʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʩʪʝʡʰʠʭ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʨʘʩʩʫʞʜʝʥʠʷʭ. 

1. ʅʘʯʘʣʴʥʫʶ ʧʦʧʫʣʷʮʠʶ ʬʦʨʤʠʨʫʝʤ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʦʚ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫ-

ʯʝʥʠʝ ʥʘʙʦʨʘ ʦʩʦʙʝʡ-ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʚʘ-

ʨʠʘʥʪʦʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʩʦʜʝʨʞʠʪ çʦʧʪʠʤʘʣʴʥʦʝè ʨʝʰʝʥʠʝ ʚ ʛʨʘʥʠ-

ʮʘʭ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʝʨʝʯʥʷ ʩʚʦʡʩʪʚ. ʉʘʤʠ ʛʨʘʥʠʮʳ ʩʚʦʡʩʪʚ ʟʘʜʘʶʪ-
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ʩʷ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ ï ʩʦʯʝʪʘʥʠʷʤʠ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ-ʩʚʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʧʦʧʫʪʥʦʡè ʦʧʪʠʤʠʟʘʮʠʠ çʧʦʧʫʪʥʦè ʬʦʨʤʠʨʫ-

ʝʤʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ. 

2. ɼʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʧʣʘʥʘ (ʢʦʜʠʨʦʚʘʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ +1..-1 ʟʥʘʯʝ-

ʥʠʷ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ-ʢʘʯʝʩʪʚʦ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʧʦ ʚʝʣʠʯʠʥʝ 

ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʤ ʨʦʜʠʪʝʣʝʤ ʙʫʜʝʪ çʦʧʪʠʤʘʣʴ-

ʥʦʝè ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ-ʨʦʜʠʪʝʣʴ ʩʣʝʜʫʝʪ 

ʚʳʙʠʨʘʪʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ ʨʝʰʝʥʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʥʝʜʦʩʪʫʧʥʘ. 

3. ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʧʦʣʷ ʨʝʰʝʥʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʶ 

ʚʳʙʠʨʘʝʪʩʷ ʤʝʩʪʦ ʨʘʟʜʝʣʝʥʠʷ ʦʩʦʙʝʡ-ʚʘʨʠʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦ-

ʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤ ʦʜʥʫ ʪʦʯʢʫ ʢʨʦʩʩʠʥʛʦ-

ʚʝʨʘ, ʧʦʣʫʯʘʝʤ ʜʚʝ ʥʦʚʳʝ ʦʩʦʙʠ. 

4. ʅʘ ʦʩʥʦʚʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʙʠ-

ʨʘʝʤ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʥʦʚʳʭ ʦʩʦʙʝʡ ʦʪʜʝʣʴʥʦ ʧʦʜʣʝʞʘʱʝʝ ʩʪʦ-

ʨʦʥʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʦʡʩʪʚʦ, ʠʟʤʝʥʷʷ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ Ñ ŭ % . 

ɿʥʘʢ ʠʟʤʝʥʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʝʚʳʭʦʜʘ ʟʘ ʛʨʘʥʠʮʳ ʠʥʪʝʨ-

ʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ. 

5. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʜʣʷ ʦʙʦʠʭ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤ ʠʭ ʤʝʩʪʦ ʚ ʨʘʥʞʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʇʦʩʣʝʜʥʠʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʜʚʝ çʣʠʰʥʠʝè ʦʩʦʙʠ ʩ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ (ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ) ʚʳʚʦʜʠʤ ʠʟ 

ʧʦʧʫʣʷʮʠʠ. 

6. çʃʠʰʥʠʝ ʦʩʦʙʠè ʤʦʞʥʦ ʧʦʤʝʩʪʠʪʴ ʚ çʨʝʟʝʨʚʥʫʶè ʧʦʧʫʣʷʮʠʶ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ çʚʩʪʨʷʩʢʠ ʧʦʢʨʳʚʰʝʡʩʷ ʞʠʨʢʦʤ ʧʦʧʫʣʷʮʠʠ-superè. 

7. ʄʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʧʦʠʩʢʘ (ʯʠʩʣʦ ʵʧʦʭ-ʠʪʝʨʘʮʠʡ) ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠʩ-
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ʩʣʝʜʦʚʘʪʝʣʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʘ, ʩʣʦʞʥʦʩʪʠ ʠ ʬʠ-

ʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʧʫʣʷʮʠʠ. ʆʪ ʤʳʩʣʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦ-

ʝʢʪʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʩʣʝʜʫʝʪ ʦʪʢʘʟʘʪʴʩʷ! 

           ʀʥʩʪʨʫʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʦʠʩʢʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʩʪʘʙʠʣʴ-

ʥʫʶ (ʨʝʛʫʣʷʨʥʫʶ) ʩʪʨʫʢʪʫʨʫ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ʊʘʢʠʝ ʧʣʘʥʳ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʯʠʩʣʫ ʠʩʩʣʝʜʫʝʤʳʭ ʩʚʦʡʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

          ʅʘʣʠʯʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʯʠʩʣʘ ʙʣʦʢʦʚ ʪʘʢʠʭ ʧʣʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠ-

ʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʡ ʚ ʙʣʦʢʘʭ ʧʣʘʥʘ ʚ çʠʟʦʣʠʨʦ-

ʚʘʥʥʦʤè ʚʘʨʠʘʥʪʝ, ʘ ʪʘʢ ʞʝ çʦʩʪʨʦʚʥʫʶè ʤʦʜʝʣʴ ʧʦʧʫʣʷʮʠʡ (island  model) 

ʠ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʦʙʤʝʥʦʤ ʨʦʜʠʪʝʣʴʩʢʠʭ ʦʩʦʙʝʡ ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ-ʦʩʪʨʦʚʘʤʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʵʧʦʭ-ʠʪʝʨʘʮʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʦʷʚʣʷʶʪʩʷ ʪʨʠ (ʩ ʫʯʝʪʦʤ çʧʦʧʫʪʥʦʡè ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ) ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ-

ʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

         ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʧʣʘʥʘ ʤʦʞʥʦ, ʢ ʧʨʠʤʝʨʫ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʩʳ-

ʱʝʥʥʳʡ D-ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʈʝʭʪʰʘʬʥʝʨʘ [1], ʩʪʨʫʢʪʫʨʘ ʙʣʦʢʦʚ ʢʦʪʦʨʦ-

ʛʦ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʠ ʵʪʦʤ çʧʦʧʫʪʥʘʷè ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʦʠʪʩʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠ-

ʤʠʨʫʶʱʝʛʦ ʨʝʘʣʴʥʳʝ ʧʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.   
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                                         ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʣʘʥʦʚ ʈʝʭʪʰʘʬʥʝʨʘ 

ʅʦʤʝʨ ʤʥʦʞʝ-

ʩʪʚʘ 

ʊʦʯʢʠ ʤʥʦʞʝʩʪʚʘ ʏʠʩʣʦ ʦʧʳʪʦʚ  

ʤʥʦʞʝʩʪʚʘ 

I (-1,...,-1) ʜʣʷ ʚʩʝʭ k 1 

II  (-1, 1,...,1) ʜʣʷ ʚʩʝʭ k k 

III  (-1,-1,1) ʜʣʷ k=3 

(1,1,-1,...,-1) ʜʣʷ k >3 

(k-1)k/2 

 

IV (1,0,0,...,0) ʜʣʷ ʚʩʝʭ k 

 

         ʄʥʦʛʦʨʝʞʠʤʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ, ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘ-

ʥʠʡ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ ʠʟʜʝʣʠʶ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ, ʠʩʢʣʶʯʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʦʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʜʨʫ-

ʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʝ 

ʇʘʨʝʪʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʜʝʥʠʷ ʟʘʜʘʯʠ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢ ʟʘʜʘʯʝ ʩ ʦʜʥʠʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʪʦʯʥʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

         ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦ 

ʥʝʡ ʨʝʰʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʇʘʨʝʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʯʘʩʪ-

ʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [2]: 

ʝʩʣʠ  i >> min, ʪʦ 

ʂ=( w  i 2(j i / j i min -1)2)0.5; 

ʝʩʣʠ  i >> max, ʪʦ 

ʂ=( w  i 2(j i max / j i -1)2)0.5. 

        ɿʜʝʩʴ  j ʠ w  ï ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʠ ʠʭ çʚʝʩʦʚʳʝè ʟʥʘʯʝʥʠʷ. 

         ʂʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ  ʟʘʧʠʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ "ʧʨʦʛʠʙʘ" - ʪʦʯʢʠ 

ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʧʨʦʝʢʪʘ. ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʫʪʦʯ-
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ʥʷʶʪʩʷ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʫʞʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʦʣʦ ʪʦʯʢʠ ʦʧʪʠ-

ʤʫʤʘ (ʧʨʦʛʠʙʘ),  ʪʘʢ ʢʘʢ "ʚʝʩʘ" ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ  ʰʠʨʠʥʳ ʫʯʘʩʪʢʘ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ.  

        ʀʩʢʦʤʳʡ ʚʝʢʪʦʨ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ W ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʇʘʨʝʪʦ. ɽʛʦ ʧʦʠʩʢ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʚʦʜʠʪ-

ʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

Å ʧʨʦʚʦʜʠʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʢʘʯʝʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, j
1min), ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʫʯʝ-

ʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (j
i ʧʨʠ  

j
1min ); 

Å ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʘʩʪʥʳʭ ʦʧʪʠʤʠʟʘʮʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʌ. 

         ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʡ ʯʘʩʪʥʳʭ ʢʨʠ-

ʪʝʨʠʝʚ. 

ʄʘʪʨʠʮʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʌ ʩʚʷʟʘʥʘ ʩ ʚʝʢʪʦʨʦʤ ʚʝʩʦʚ W ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ 

ʌ W = ʝ, 

ʛʜʝ ʝʪ = [1, 1, ..., 1] - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ. 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʩʘ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ: 

ʌ-1ʌW = ʌ -1 ʝ, 

W = ʌ-1ʝ.  

ʉ ʥʘʡʜʝʥʥʳʤ ʚʝʢʪʦʨʦʤ W ʧʨʦʚʦʜʠʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ ʢʘʯʝʩʪʚʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪ ʜʦ ʤʦʤʝʥʪʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ 

K j - K j+1  ¢ e; 

g j  ¢  [ g j ] , 

ʛʜʝ  e - ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʂ (1..10 %); 

   [ g j ] - ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. 
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ʇʈʀʄɽʈ 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ç2è - ʪʦʨ-

ʩʠʦʥʥʦʡ ʧʦʜʚʝʩʢʠ ʩʘʤʦʭʦʜʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʨʳʭʣʠʪʝʣʷ 

ʧʦʯʚʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1. ʆʙʱʠʡ ʚʠʜ ʠʟʜʝʣʠʷ ʧʦʢʘʟʘʥ  ʥʘ ʨʠʩʫʥʢʝ 1,ʘ  ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠʟʜʝ-

ʣʠʷ ï ʥʘ ʨʠʩʫʥʢʝ 2. 

2. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

3. ʋʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʩʢʠ (ʪʦʨʩʠʦʥ, ʪʨʫʙʘ)  ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʣʝʛʠ-

ʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 45ʍʅʄʌɸ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʟʘʥʝʚʦʣʠʚʘʥʠʶ ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʝʣʴʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ [Űʢ] = 1100 ʄʇʘ. 

4. ʀʟʤʝʥʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʛʨʘʥʠʮʳ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 2. 

5. ʏʘʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: 

- ʢʣʠʨʝʥʩ (ű1 = ʅ >> max); 

- ʤʘʩʩʘ ʪʦʨʩʠʦʥʘ (ű2 =  M t>> min); 

- ʤʘʩʩʘ ʪʨʫʙʳ (ű3 = M tr  >> min); 

- ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʪʦʨʩʠʦʥʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ  

(ű4 = [Űʢt]  >> min); 

- ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʪʨʫʙʳ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ  

(ű5 = [Űʢtr]  >> min); 

 

6. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ (ʂ >> min) ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪ-

ʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʤʝʝʪ ʚʠʜ: 

 

ʂ=( w  i 2(j i / j imin -1)2)0.5 . 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʠʟʜʝʣʠʷ 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

1. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʧʨʦʛʨʘʤʤʫ optima_g.mcd. 

2. ɿʘʜʘʡʪʝ ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝʨʚʘʣʳ ʠʭ 

ʠʟʤʝʥʝʥʠʷ (ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ, ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ ʘʥʘʣʠʟʠ-

ʨʫʝʤʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ). 

3. ʇʨʦʛʨʘʤʤʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ  ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘ-
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ʯʝʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ 

ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʚʘ-

ʨʠʘʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘ) ʨʝʟʫʣʴʪʘʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʛʨʝʩ-

ʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ; ʙ) ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ; ʚ) ʨʝʟʫʣʴʪʘʪʦʚ ʧʘ-

ʨʘʣʣʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ çʦʩʪʨʦʚʥʳʭè ʧʦʧʫʣʷʮʠʡ. ʆʧʪʠʤʠ-

ʟʘʮʠʷ ʧʦ ʯʘʩʪʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʠʣ-

ʣʶʩʪʨʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʬʠʢʘʤʠ.  

4. ʉʬʦʨʤʠʨʫʡʪʝ ʠʪʦʛʦʚʳʡ ʦʪʯʝʪ. 

5. ʇʦʜʛʦʦʚʴʪʝʩʴ ʢ ʟʘʱʠʪʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

            

ʅʘ ʨʠʩʫʥʢʘʭ 3..7 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʯʘʩʪ-

ʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʷʪʠ ʧʦʧʫʣʷʮʠʡ. 

 

ʈʠʩʫʥʦʢ 3
ï ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʣʠʨʝʥʩ 
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ʈʠʩʫʥʦʢ 4 ï ʄʠʥʠʤʫʤ ʤʘʩʩʳ ʪʦʨʩʠʦʥʘ 

 

ʈʠʩʫʥʦʢ 5 ï ʄʠʥʠʤʫʤ ʤʘʩʩʳ ʪʨʫʙʳ 

 

ʈʠʩʫʥʦʢ 6 ï ʄʠʥʠʤʫʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʦʨʩʠʦʥʘ 
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ʈʠʩʫʥʦʢ 7 ï ʄʠʥʠʤʫʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʨʫʙʳ 

 

ʈʠʩʫʥʦʢ 8 ï ʄʠʥʠʤʫʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 

            

        ʅʘ ʨʠʩʫʥʢʘʭ 9..14 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʯʘʩʪ-

ʥʳʤ ʠ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʦʩʪʨʦʚʥʦʡ 

ʤʦʜʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʦʙʤʝʥʦʤ ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʦʩʦ-

ʙʷʤʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 22 ʵʧʦʭʠ-ʠʪʝʨʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 9 - ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʣʠʨʝʥʩ 

 

ʈʠʩʫʥʦʢ 10 - ʄʠʥʠʤʫʤ ʤʘʩʩʳ ʪʦʨʩʠʦʥʘ 

 

ʈʠʩʫʥʦʢ 11 - ʄʠʥʠʤʫʤ ʤʘʩʩʳ ʪʨʫʙʳ 
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ʈʠʩʫʥʦʢ 12 - ʄʠʥʠʤʫʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʦʨʩʠʦʥʘ 

 

ʈʠʩʫʥʦʢ 13 - ʄʠʥʠʤʫʤ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʨʫʙʳ 
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ʈʠʩʫʥʦʢ 14 - ʄʠʥʠʤʫʤ ʠʥʪʝʛʨʘʣʴʥʦʦ ʢʨʠʪʝʨʠʷʢʘʯʝʩʪʚʘ 

 

          ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʪʦʨ-

ʩʠʦʥʥʦʡ ʧʦʜʚʝʩʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʩʢʦʣʴʢʠʤ ʣʫʯʰʠʤ ʚʘʨʠ-

ʘʥʪʘʤ ʨʝʰʝʥʠʷ. 

ʊʘʙʣʠʮʘ 2 ï ʉʚʦʡʩʪʚʘ ʧʦʜʚʝʩʢʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʉʚʦʡʩʪʚʘ 
ɺʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ 

1 2 3  

ɺʘʨʴʠʨʫʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ɼʣʠʥʘ ʪʨʫʳ, ʤ 0.8 0.8 0.8 0.8 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫ-

ʙʳ, ʤ 
0.225 0.225 0.225 0.221 

ʊʦʣʱʠʥʘ ʪʨʫʙʳ, ʤ 0.0080 0.0088 0.0088 0.0088 

ʋʛʦʣ  ɓ, ʛʨʘʜ. 45 45 45 45 

ɼʠʘʤʝʪʨ ʪʦʨʩʠʦʥʘ, ʤ 0.
58 0.
58 0.058 0.058 

ɼʣʠʥʘ ʪʦʨʩʠʦʥʘ, ʤ 0.4 0.4 0. 
.4 

ɺʳʯʠʩʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʂ ʠʨʝʥʩ, ʤ 0.433 0.433 0.433 0.433 

ʄʘʩʩʘ ʪʦʨʩʠʦʥʘ, ʢʛ 21.003 21.003 21.003 21.003 

ʄʘʩʩʘ ʪʨʫʙʳ, ʤ 20.740 22.854 22.854 22.408 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘ-

ʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʦʨʩʠʦʥʝ, ʄʇʘ 

1
9.7 199.7 199.7 199.7 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘ-

ʪʝʣʴʥʳʝ ʥʘʧʨʷʝʥʠ ʚ 
26
7 24.5 24.5 25.5 
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ʪʨʫʙʝ, ʄʇʘ 

ʋʛʦʣ ʩʪʘʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʚʝʩʢʠ, 

ʛʨʘʜ.  

4.56 4.55 4.55 4.56 

ʋʛʦʣ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʚʝʩʢʠ, 

ʛʨʘʜ. 

29.68 29.68 29.68 29.80 

 

 

ɺʳʚʦʜʳ: 

1. ʇʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ 

ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʠ ʜʚʫʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

2. ʇʦʣʫʯʝʥʳ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

ʠʟʜʝʣʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʫ (ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʪʘʙʣʠʮʳ 2). 

3. ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʪʦʨʩʠʦʥʥʦʡ ʧʦʜʚʝʩʢʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʵʧʦʭ-ʠʪʝʨʘʮʠʡ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʯʠʩʣʘ ʵʧʦʭ-ʠʪʝʨʘʮʠʡ ʧʝʨʝʭʦʜʦʚ, ʦʩʪʘʚʘʷʩʴ ʧʨʠ 

ʵʪʦʤ ʙʣʠʟʢʠʤʠ ʢ çʦʧʪʠʤʘʣʴʥʦʤʫè ʚʘʨʠʘʥʪʫ ʨʝʰʝʥʠʷ. 

 

ɿɸɼɸʅʀɽ 

 

1. ʇʦ ʤʦʜʝʣʠ  ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ: 

- ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʝʣʳ ʚʘʨʴʠʨʫʝʤʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʥʘ + 5%;  

- ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʨʝʰʝʥʠʡ ʜʣʷ ʩʦʯʝʪʘʥʠʡ ʵʧʦʭ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʵʧʦʭ ʧʝʨʝʭʦʜʦʚ 100/5, 100/25, 200/5, 200/25, 300/5, 300/25.  

2. ʆʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʦʯʝʪʘʥʠʡ ʵʧʦʭ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝ-

ʥʠʡ ʩʚʦʡʩʪʚ ʪʦʨʩʠʦʥʥʦʡ ʧʦʜʚʝʩʢʠ. 

3. ʉʦʩʪʘʚʠʪʴ ʦʪʯʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʟʘʜʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 
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ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʇʦʥʷʪʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

2. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

3. ɺʣʠʷʥʠʝ ʚʝʩʦʚ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ. 

4. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ-

ʦʩʦʙʝʡ ʚ ʧʦʧʫʣʷʮʠʠ. 

5. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʨʦʩʩʠʥʛʦʚʝʨʘ. 

6. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʫʪʘʮʠʠ. 

7. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʩʪʨʦʚʥʦʡ ʤʦʜʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

8. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʵʧʦʭ ʧʝʨʝʭʦʜʦʚ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʅʦʚʠʢ ʌ.ʉ., ɸʨʩʦʚ ʗ..ɹ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣ-

ʣʦʚ ʤʝʪʦʜʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. - ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʷʝ, 

ʉʦʬʠʷ: ʊʝʭʥʠʢʘ, 1980. - 304 ʩ. 

2. ʇʝʪʨʝʥʢʦ ɸ,ʀ, ʆʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ï ʂʠʝʚ: 

ʊʝʭʥʠʢʘ, 1982. ï 295 ʩ. 
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10. ʆʇʊʀʄʀɿɸʎʀʗ ʉɺʆʁʉʊɺ ʀɿɼɽʃʀʗ 

ʅɸ ʆʉʅʆɺɽ ɽɻʆ ʂʆʅʌʀɻʋʈɸʎʀʁ 

ɺ ʉʈɽɼɽ SOLIDWORKS  

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

- ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  ʧʦʩʪʨʦʝʥʠʷ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʠʟʜʝʣʠʡ ʠ  ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʚʦʡʩʪʚ ʚ ʩʨʝʜʝ SolidWorks; 

-  ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʨʝʜʳ SolidWorksʧʦ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʨʝʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʉʇʈɸɺʂɸ 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫ-

ʝʤʦʛʦ ʠʟʜʝʣʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʦʮʝʥʦʢ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʠʟʜʝʣʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ 

ʢʘʢʦʡ-ʣʠʙʦ ʘʣʴʪʝʨʥʘʪʠʚʳ.  

ʉʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  SolidWorks ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ï ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ 

ʨʫʯʥʦʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʭʨʘʥʷʶʪ-

ʩʷ ʚ ʦʜʥʦʤ ʬʘʡʣʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʢʣʘʜʢʘ 

ʢʦʥʬʠʛʫʨʘʮʠʡ  

(ʤʝʥʝʜʞʝʨ ʢʦʥʬʠʛʫʨʘʮʠʡ) 

 

 

ʈʠʩʫʥʦʢ 2 ï ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 

Ʉ.Ȧ. ȪɢɥɝɐɔɈ 
Ȧ.Ȧ. ȷɋɒɦɓɔɈ 

Ȧ.Ȧ. ȩɋɓɋɖɆɑɔɈɆ 

 

 

 
 

http://izd -mn.com/ 

 

109 

 

ʄʘʥʠʧʫʣʷʮʠʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʢʦʥʬʠʛʫʨʘ-

ʮʠʡ ʧʨʦʚʦʜʷʪʩʷ ʚ ʤʝʥʝʜʞʝʨʝ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʨʠʩʫʥʦʢ 1). 

         ɺ ʨʫʯʥʦʤ ʚʘʨʠʘʥʪʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ʠʟ-

ʜʝʣʠʷ (ʧʦ ʫʤʦʣʯʘʥʠʶ), ʘ ʟʘʪʝʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠ ʜʦʨʘʙʘʪʳʚʘʶʪʩʷ ʚʘʨʠʘʥ-

ʪ-rʢʦʥʬʠʛʫʨʘʮʠʠ (ʨʠʩʫʥʦʢ 2). 

         ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʘʷ ʥʘ ʧʘʥʝʣʠ çʊʘʙʣʠʮʘè (ʨʠʩʫʥʦʢ 3). ʅʘ ʧʘʥʝʣʠ çʊʘʙʣʠʮʘè ʩʣʝʜʫʝʪ 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʪʘʙʣʠʮʫ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 4). ɺ ʩʣʫʯʘʝ ʩʦʛʣʘʩʠʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʤ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ 

ʥʘʟʥʘʯʠʪʴ ʪʝ ʨʘʟʤʝʨʳ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʩʧʠʩʢʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʘʯʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ ʠʟʜʝʣʠʷ (ʨʠʩʫʥʦʢ 5). 

         ʇʦʩʣʝ ʚʳʙʦʨʘ ʨʘʟʤʝʨʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʦʟʜʘʚʘʝʤʳʭ 

ʚʘʨʠʘʥʪʘʭ-ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮʳ ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

  
ʈʠʩʫʥʦʢ 3 ï ɸʢʪʠʚʠʟʘʮʠʷ ʧʘʥʝʣʠ  

çʊʘʙʣʠʮʘè 

ʈʠʩʫʥʦʢ 4 ï ɸʢʪʠʚʘʮʠʷ ʪʘʙʣʠʮʳ 

 ʧʘʨʘʤʝʪʨʦʚ 
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ʈʠʩʫʥʦʢ 5 ï ɺr ʙʦʨ ʠʟʤʝʥʷʶʱʠʭʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʨʘʟʤʝʨʦʚ 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ɼʝʤʦʥʩʪʨʘʮʠʷ ʠʤʝʥ ʨʘʟʤʝʨʦʚ 

 

          ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʝʨʝʯʥʝ ʨʘʟʤʝʨʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʢʘʟʘʪʴ ʚ ʦʧʮʠʠ çɺʠʜè ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ (ʨʠʩʫʥʦʢ 6). ʗʯʝʡʢʠ ʪʘʙʣʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ 

ʬʦʨʤʘʪ çʆʙʱʠʡè (ʨʠʩʫʥʦʢ 7), ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʬʦʨʤʘʪ ʥʘ ʯʠʩʣʦ-

ʚʦʡ (ʇʂʄ, ʨʠʩ.8). 
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ʈʠʩʫʥʦʢ 7 ï ʅʘʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʨʘʟʤʝʨʦʚ 

 

 
ʈʠʩʫʥʦʢ 8 ï ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʘʪʘ ʷʯʝʝʢ 

 

         ʇʦʩʣʝ ʚʳʙʦʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʩʦʯʝʪʘʥʠʷ ʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʚʘʨʠʘʥʪʘ) ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠʟʜʝʣʠʷ (ʨʠʩ.9). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʧʨʦʛʨʘʤʤʘ ʫʢʘʞʝʪ 

ʥʘ ʩʦʟʜʘʥʠʝ ʟʘʥʝʩʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʫ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʘ ʢʦʥʬʠʛʫʨʘʮʠʡ 

(ʨʠʩ.10). 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʣʝʜʫʝʪ ʦʪʦʙʨʘ-

ʟʠʪʴ ʠʭ (ʇʂʄ) ʚ ʤʝʥʝʜʞʝʨʝ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʨʠʩ11..14). 
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ʈʠʩʫʥʦʢ 9 ï ɺʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ 

 
ʈʠʩʫʥʦʢ 10 ï ʀʟʚʝʱʝʥʠʝ ʦ ʧʦʩʪʨʦʝʥʠʠ  ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʘʙʣʠʮʝʡ ʧʘʨʘʤʝʪʨʦʚ. 

  
ʈʠʩʫʥʦʢ 11 ï ʂʦʥʬʠʛʫʨʘʮʠʷ 1 ʈʠʩʫʥʦʢ 12 ï ʂʦʥʬʠʛʫʨʘʮʠʷ 2 
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ʈʠʩʫʥʦʢ 13 ï ʂʦʥʬʠʛʫʨʘʮʠʷ 3 ʈʠʩʫʥʦʢ 14 ï ʂʦʥʬʠʛʫʨʘʮʠʷ 4 

 

        ʅʘʣʠʯʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʧʪʠʤʠʟʘ-

ʮʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʨʠʮʳ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (k = h2 = 22 = 4). ɿʜʝʩʴ 

h ï ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, k ï ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʇʌʕ 

ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʚʳʜʝʣʝʥʘ ʮʚʝʪʦʤ) ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʚʠʜ 

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʅʦʤʝʨ 

ʦʧʳʪʘ 

ʋʨʦʚʥʠ ʧʘʨʘʤʝʨʦʚ  
ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ 

ʍ1 ʍ2 ʍ1*ʍ2 

1 -1 -1 +1 ɼʣʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ 

2 +1 -1 -1 ɼʣʷ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ 

3 -1 +1 -1 ɼʣʷ ʪʨʝʪʴʝʛʦ ʚʘʨʠʘʥʪʘ 

4 +1 +1 +1 ɼʣʷ ʯʝʪʚʝʨʪʦʛʦ ʚʘʨʠʘʥʪʘ 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ  

       ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʩʩʳ (ʤʠʥʠ-

ʤʫʤ) ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ (ʥʝ ʤʝʥʝʝ 2) ʨʝʰʘ-

ʝʤ ʟʘʜʘʯʫ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

çʧʦ ʫʤʦʣʯʘʥʠʶè (ʨʠʩ.15..18). ɼʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 19...29.  

       ʇʦ ʠʪʦʛʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 30, 
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31. ʄʘʩʩʘ ʠʟʜʝʣʠʷ ʩʥʠʞʝʥʘ ʩ 0.89 ʢʛ ʜʦ 0.450 ʢʛ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ  ʨʘʚʝʥ 2.43 ʧʨʦʪʠʚ  8.61   - ʠʟʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨʠʩ.18). 

       ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʣʠʟʫʝʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘ ʯʝ-

ʪʳʨʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

       ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʩʠʩʪʝʤʝ Mathcad. ʃʠʩʪʠʥʛ ʧʨʦ-

ʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘ 32, 33. 

 

 

  
ʈʠʩʫʥʦʢ 15 ï ʅʘʟʥʘʯʝʥʠʝ ʟʘʜʘʯʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ 

ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘ ʟʘʢʨʝʧʣʝʥʠʷ ʜʝ-

ʪʘʣʠ 

(ʥʘʛʨʫʟʢʘ 7000N) 
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ʈʠʩʫʥʦʢ 17 ï ʅʘʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʪʢʠ 

ʈʠʩʫʥʦʢ 18 ï ʈʝʟʫʣʴʪʘʪʳ 

ʨʝʰʝʥʠʷ 

  
ʈʠʩʫʥʦʢ 19 ï ɸʢʪʠʚʠʟʘʮʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʈʠʩʫʥʦʢ 20 ï ʅʘʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ 

 
ʈʠʩʫʥʦʢ 21 ï ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʈʠʩʫʥʦʢ 22 ï ʇʨʝʜʣʦʞʝʥʠʝ ʧʦ ʩʪʨʘʪʝʛʠʠ ʨʝʰʝʥʠʷ 

 

  
 

ʈʠʩʫʥʦʢ 22 ï ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ 

ʩʪʨʘʪʝʛʠʠ  ʨʝʰʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 23 ï ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ 

ʩʪʨʘʪʝʛʠʠ  ʨʝʰʝʥʠʷ 

 

 

 
 

ʈʠʩʫʥʦʢ 24 ï ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʩʪʨʘʪʝʛʠʠ  ʨʝʰʝʥʠʷ 
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ʈʠʩʫʥʦʢ 25 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ 

 

 

 

  
 

ʈʠʩʫʥʦʢ 26 ï ʕʧʶʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 27 ï ʕʧʶʨʘ 

ʜʝʬʦʨʤʘʮʠʡ 
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ʈʠʩʫʥʦʢ 28 ï ʕʧʶʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ 

 

 

ʈʠʩʫʥʦʢ 29 ï ʕʧʶʨʘ 

ʥʘʧʨʷʞʝʥʠʡ 

 
 

ʈʠʩʫʥʦʢ 30 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʈʠʩʫʥʦʢ 31 ï ʄʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷ 

 

 

 

   ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʟʜʝʣʠʷ 

 

ʅʦʤʝʨ 

ʦʧʳʪʘ 

ʋʨʦʚʥʠ ʧʘʨʘʤʝʪʨʦʚ 
ʄʘʩʩʘ, ʢʛ ʂ 

ʍ1 ʍ2 

1 -1 -1 0.46 2.34 

2 +1 -1 0.58 2.43 

3 -1 +1 0.63 
.61 

4 +1 +1 0.83 8.19 
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ʈʠʩʫʥʦʢ 32 ï ʃʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʈʠʩʫʥʦʢ 33 ï ʇʨʦʜʦʣʞʝʥʠʝ ʣʠʩʪʠʥʛʘ ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

 

         ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʡʜʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʨʦʝʢʪʫ. ʇʨʠ ʵʪʦʤ ʦʥ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠʯʠʥʫ ʪʘʢʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʤʦʞ-

ʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʛʨʘʬʠʢʘʭ ʬʫʥʢʮʠʡ ʤʘʩʩʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦ-

ʩʪʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʜʝʣʠʷ 

         ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨʝʥ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟʤʝʥʷʝʤʳʭ ʚ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʧʘʨʘʤʝʪʨʳ ʠʟʜʝʣʠʷ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʝ ʠʟʜʝʣʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 34. 
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ʈʠʩʫʥʦʢ 34 ï ʕʩʢʠʟ ʚʪʦʨʦʛʦ ʠʟʜʝʣʠʷ çʧʨʠʭʚʘʪè 

         ɼʣʷ ʫʢʘʟʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʝʪ ʚ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʷ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʟʠʮʠʶ çʋʨʘʚʥʝʥʠʷè, ʘ ʚ ʦʧʮʠʠ çʀʥʩʪʨʫʤʝʥʪʳè 

ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʫʥʢʪ çʋʨʘʚʥʝʥʠʷè (ʨʠʩ.35). 

 

 

ʈʠʩʫʥʦʢ 35 ï ʇʦʜʢʣʶʯʝʥʠʝ ʦʧʮʠʡ çʋʨʘʚʥʝʥʠʷè 

          ɺ ʦʪʢʨʳʚʰʝʤʩʷ ʧʨʠ ʵʪʦʤ ʦʢʥʝ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʟʘʠ-

ʤʦʩʚʷʟʠ (ʨʠʩ.36) 
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ʈʠʩʫʥʦʢ 36 ï ʋʢʘʟʘʥʠʝ ʠʤʝʥ ʧʝʨʝʤʝʥʥʳʭ 

       ʇʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʚʚʦʜʠʤʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 37. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʚʩʝʛʦ 

ʜʚʝ, ʚʳʜʝʣʝʥʥʳʝ ʮʚʝʪʦʤ. ɿʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʟʜʝʣʝ çʋʨʘʚʥʝʥʠʷè ʟʘʚʠʩʠʤʦʩʪʷʤ. 
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ʈʠʩʫʥʦʢ 37 ï ʇʦʣʥʳʡ (ʠʟʙʳʪʦʯʥʳʡ) ʧʝʨʝʯʝʥʴ ʟʘʚʠʩʠʤʦʩʪʝʡ 

 

 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʨʠʩ.38, 39). 

 

 
ʈʠʩʫʥʦʢ 38 ï ʇʝʨʝʯʝʥʴ ʢʦʥʬʠʛʫʨʘʮʠʡ 
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ʈʠʩʫʥʦʢ 39 ï ʉʦʦʙʱʝʥʠʝ ʦ ʩʦʟʜʘʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ 

 

ʇʦʩʪʨʦʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 40. 

  

  
ʈʠʩʫʥʦʢ 40 ï ʂʦʥʬʠʛʫʨʘʮʠʠ ʠʟʜʝʣʠʷ 
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ɼʘʥʥʳʝ ʧʦ ʠʟʜʝʣʠʶ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 41, 42 

 
ʈʠʩʫʥʦʢ 41 ï ʕʧʶʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

 

 
ʈʠʩʫʥʦʢ 42 ï ʄʘʩʩʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʜʝʣʠʷ 
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ʈʠʩʫʥʦʢ 42 ï ʄʘʩʩʘ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʜʝʣʠʷ 

 

ɿɸɼɸʅʀɽ 

1. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʧʨʦʚʝʩʪʠ ʧʦʩʪʨʦʝʥʠʝ ʢʦʥ-

ʬʠʛʫʨʘʮʠʡ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʤʠ ʞʝ ʩʧʦʩʦʙʘʤʠ. 

2. ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʘʥʳ ʚ ʧʘʧʢʝ çNachaloè. 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʇʦʥʷʪʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

2. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ SolidWorks Simulation. 

3. ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʫʣʷ  

SolidWorks Simulation. 

4. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʘ. 

5. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

6. ʇʦʨʷʜʦʢ ʟʘʜʘʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ. 
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7. ʂʘʢʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ.. 

8. ʂʘʢʠʝ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

9. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ SolidWorks Simulation. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. SolidWorks 2007/2008. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ / ɸ.ɸ. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. ʉʦʙʘʯʢʠʥ, ɽ.ɺ. ʆʜʠʥʮʦʚ, ɸ.ʀ. 

ʍʘʨʠʪʦʥʦʚʠʯ, ʅ.ɹ. ʇʦʥʦʤʘʨʝʚ. - ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2008. - 1040 ʩ. 

2. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. SolidWorks / COSMOSWorks. ʀʥʞʝʥʝʦʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦ-

ʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. - ʄ.: ɼʄʂ ʇʨʝʩʩ, 2004. - 432 ʩ. 

3. ʊʠʢʫ ʐ. ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ: SolidWorks 2004. - ʉʇʙ.: ʇʠʪʝʨ, 2005. 

 - 768 ʩ. 

4. ʇʨʦʭʦʨʝʥʢʦ ɺ.ʇ. SolidWorks. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. - ʄ.: ʆʆʆ "ɹʠ-

ʥʦʤ-ʇʨʝʩʩ", 2004. - 448 ʩ. 

5. ʉʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ SolidWorks. 
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11. ʆʇʊʀʄʀɿɸʎʀʗ ʉɺʆʁʉʊɺ ɼɽʊɸʃʀ  

ɺ ʄʆɼʋʃɽ Simulation Xpress 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʙʦʨʦʢ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʚ ʩʠʩʪʝʤʝ SolidWorks.  

  

ʉʧʨʘʚʢʘ 

 

SolidWorks SimulationXpress ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ SolidWorks. 

ʀʥʪʝʨʬʝʡʩ ʧʦʤʦʱʥʠʢʘ SimulationXpress ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʧʦʣʥʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʩʪʨʦʡʢʫ, ʦʛʨʘʥʠʯʝʥʠʡ, 

ʥʘʛʨʫʟʢʠ, ʤʘʪʝʨʠʘʣʘ, ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʤʦʪʨʝʪʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ. 

ʊʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʨʝʧʣʝʥʠʡ, ʥʘʛʨʫʟʦʢ ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞ-

ʥʳ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʠ, ʘ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ ʜʦʣʞʥʳ 

ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʠ. 

SimulationXpress ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʘʣʠʟ ʦʪʜʝʣʴʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʅʝ ʧʦʜʜʝʨ-

ʞʠʚʘʶʪʩʷ ʩʙʦʨʢʠ, ʤʥʦʛʦʪʝʣʴʥʳʝ ʜʝʪʘʣʠ ʠʣʠ ʪʝʣʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚ SimulationXpress ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʪʝʨʘ-ʧʦʤʦʱʥʠʢʘ. 

ʇʈʀʄɽʈ 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʫʝʪʩʷ ʵʣʝʤʝʥʪ ʫʧʨʫʛʦʛʦ ʫʟʣʘ ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʫʟʣʦʚ ʘʚʪʦʤʦʙʠʣʷ. ʄʦ-

ʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʅʝʦʙʭʦʜʠʤʦ: 

- ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ; 

- ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʫʧʨʫʛʠʭ ʬʠʛʫʨʥʳʭ ʤʝʤʙʨʘʥ. 
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ʈʠʩʫʥʦʢ 1 ï ʀʩʩʣʝʜʫʝʤʘʷ ʜʝʪʘʣʴ 

ʈʝʘʣʠʟʘʮʠʷ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 2é14. 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʟʥʘʯʝʥʠʝ ʫʩʣʦʚʠʡ ʢʨʝʧʣʝʥʠʷ 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 
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ʈʠʩʫʥʦʢ 3 ï ʅʘʟʥʘʯʝʥʠʝ ʪʠʧʘ, ʚʝʣʠʯʠʥʳ ʠ ʩʧʦʩʦʙʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʘ. ʉʪʘʪʠʯʝʩʢʠʝ ʫʟʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ 
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ʈʠʩʫʥʦʢ 5 ï ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʘ. ʉʪʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 6 ï ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 7 ï ʇʝʨʝʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ 

 
ʈʠʩʫʥʦʢ 8 ï ʋʢʘʟʘʥʠʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʨʘʟʤʝʨʘ 
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ʈʠʩʫʥʦʢ 9 ï ʋʢʘʟʘʥʠʝ ʠʥʪʝʨʚʘʣʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʮʝʣʠ 

 

 
ʈʠʩʫʥʦʢ 10 ï ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 
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ʈʠʩʫʥʦʢ 11 ï ʈʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ 

 
ʈʠʩʫʥʦʢ 12 ï ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨ ʜʝʪʘʣʠ 
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ʈʠʩʫʥʦʢ 13 ï ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ 

 

ɺʳʚʦʜʳ: 

1. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʦʣʱʠʥʘ ʫʧʨʫʛʠʭ ʤʝʤʙʨʘʥ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 

ʜʝʪʘʣʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ  ʨʘʚʝʥ 0.92. 

2. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʢʨʠʪʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʜʦ 1.5 ʤʤ ʧʨʠ ʫʩʣʦʚʠʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʘʩʩʳ ʜʝʪʘʣʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ 1.86. 

ɿɸɼɸʅʀɽ 

 

ʀʩʩʣʝʜʦʚʘʪʴ ʵʣʝʤʝʥʪ ʫʧʨʫʛʦʛʦ ʫʟʣʘ ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʫʟʣʦʚ ʘʚʪʦʤʦʙʠʣʷ. ʄʦ-

ʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13 (ʬʘʡʣ _shara. SLDPRT).  

ʅʝʦʙʭʦʜʠʤʦ: 

¶ ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʢʘʞʜʫʶ 

ʛʨʘʥʴ ʚ 1500 ʅ; 
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¶ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʫʧʨʫʛʠʭ ʬʠʛʫʨʥʳʭ ʤʝʤʙʨʘʥ (ʠʥʪʝʨʚʘʣ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ 1é2 ʤʤ). 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʩʮʝʥʘʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ SolidWorks SimulationXpress. 

3. ʇʦʨʷʜʦʢ ʧʦʩʪʨʦʝʥʠʷ ʩʮʝʥʘʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ. 

4. ʇʦʨʷʜʦʢ ʥʘʟʥʘʯʝʥʠʷ ʫʩʣʦʚʠʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

5. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʫʩʣʦʚʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

6. ʅʘʧʨʘʚʣʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ SolidWorks. 

ʃʀʊɽʈɸʊʋʈɸ 

 

1. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. SolidWorks 2007/2008. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ / ɸ.ɸ. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. ʉʦʙʘʯʢʠʥ, ɽ.ɺ. ʆʜʠʥʮʦʚ, ɸ.ʀ. 

ʍʘʨʠʪʦʥʦʚʠʯ, ʅ.ɹ. ʇʦʥʦʤʘʨʝʚ. - ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2008. - 1040 ʩ. 

2. ɸʣʷʤʦʚʩʢʠʡ, ɸ.ɸ. SolidWorks / COSMOSWorks. ʀʥʞʝʥʝʦʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦ-

ʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. - ʄ.: ɼʄʂ ʇʨʝʩʩ, 2004. - 432 ʩ. 

3. ʊʠʢʫ ʐ. ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ: SolidWorks 2004. - ʉʇʙ.: ʇʠʪʝʨ, 2005.  

- 768 ʩ. 

4. ʇʨʦʭʦʨʝʥʢʦ ɺ.ʇ. SolidWorks. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. - ʄ.: ʆʆʆ "ɹʠ-

ʥʦʤ-ʇʨʝʩʩ", 2004. - 448 ʩ. 
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12. ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʉɹʆʈʆʂ 

ɺ SOLIDWORKS SIMULATION 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ  ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ ʚ ʩʨʝʜʝ SolidWorks Simulation.   

 

ʉʇʈɸɺʂɸ 

          ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʠʤʝʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ (ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʯʥʦʩʪʴ, 

ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪ.ʜ.) ʥʝ ʚʳʭʦʜʷ ʟʘ ʨʘʤʢʠ ʩʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʘ ʜʝ-ʬʘʢʪʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʝʜʳ SolidWorks ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʪʘʢʦʛʦ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ SolidWorks Simulation. ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ çʀʥʩʪʨʫʤʝʥʪʳ ï ɼʦʙʘʚʣʝʥʠʷ - SolidWorks Simu-

lationè (ʨʠʩʫʥʦʢ 1). ɺ ʛʣʘʚʥʦʤ ʤʝʥʶ ʧʦʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʢʣʘʜʢʘ 

(ʨʠʩʫʥʦʢ 2). 

  

ʈʠʩʫʥʦʢ 1 ï ɸʢʪʠʚʠʟʘʮʠʷ 

SolidWorks Simulation 

ʈʠʩʫʥʦʢ 2 ï ʆʧʮʠʷ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʜʣʷ 

SolidWorks Simulation 
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       ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʧʦʣʥʠʪʴ 

ʙʘʟʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠʣʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ 

ʧʦʩʣʝʜʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʘʟʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʦʜʠʥʘ-

ʢʦʚʳʭ ʫʩʣʦʚʠʡ ʢʨʝʧʣʝʥʠʷ ʠ ʩʭʝʤ ʥʘʛʨʫʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʢ ʟʘʜʘʯʝ ʝʝ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

- ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ; 

- ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʳʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʦʛʨʘʤʤʘ 

ʧʨʠʥʠʤʘʝʪ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩʨʝʜʥʠʤ, ʬʦʨʤʠʨʫʷ ʧʨʝʜʝʣʳ 

ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.5 ʜʦ 1.5 ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ); 

- ʦʧʨʝʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʥʠʤʫʤ ʥʘ ʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʟʜʝʣʠʷ 

(ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʟʘʜʘʯ); 

- ʫʢʘʟʘʪʴ ʚʘʨʠʘʥʪ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ 3), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʤʠʥʠʤʠʟʘʮʠʶ ʯʠʩʣʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ; 

 

 

ʈʠʩʫʥʦʢ 3 ï ʋʩʪʘʥʦʚʢʘ ʚʘʨʠʘʥʪʘ ʧʨʦʮʝʩʩʘ 

 

- ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʤʦʜʝʣʝʡ ʚʭʦʜʷʱʠʭ 

ʚ ʥʝʝ ʯʘʩʪʥʳʭ ʟʘʜʘʯ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʡ ʤʘʪʝʨʠʘʣ. 

 

ʇʈʀʄɽʈ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʠʣʷ-

ʨʦʙʦʪʘ (ʨʠʩʫʥʢʠ 4,5) ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ  ʪʦʣʱʠʥʫ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘ-

ʥʳ ʜʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ:  

-  ʮʝʣʴ ï ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ; 

-  ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʣʘʪʬʦʨʤʫ ï 100ʅ; 

-  ʧʝʨʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ï ʙʦʣʝʝ 70 Hz; 

-  ʪʦʣʱʠʥʘ ʫʧʨʫʛʦʡ ʤʝʤʙʨʘʥʳ ï 1é2 ʤʤ.   

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʴ ʩʙʦʨʢʠ ʘʚʪʦʤʦʙʠʣʷ-ʨʦʙʦʪʘ 
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ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʴ ʩʙʦʨʢʠ ʘʚʪʦʤʦʙʠʣʷ-ʨʦʙʦʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʝʤ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʣʫ-

ʯʝʥʠʝ ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ (ʨʠʩʫʥʦʢ 6).  

 
ʈʠʩʫʥʦʢ 6 ï ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ ʩʙʦʨʢʠ ʘʚʪʦʤʦʙʠʣʷ-ʨʦʙʦʪʘ 



ȵɖɎɐɑɆɊɓɆɥ ɔɕɘɎɒɎɍɆɜɎɥ Ɉ ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ɐɔɑɋɗɓɡɛ ɒɆɞɎɓ 
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       ʇʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 7é12. 

       ʆʪʢʨʳʚʘʝʤ ʧʘʥʝʣʴ ʪʠʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ çSimulation ï ʀʩʩʣʝʜʦʚʘʥʠʝè (ʨʠ-

ʩʫʥʦʢ 7). ɺʳʙʠʨʘʝʤ ʜʣʷ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ çʉʪʘʪʠʯʝʩʢʦʝè. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʘʥʝʣʴ ʪʠʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

        ʅʘ ʧʘʥʝʣʠ ʫʩʪʘʥʦʚʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʝʤ ʪʠʧ ʢʦʥʪʘʢ-

ʪʦʚ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʣʦʚʠʷ ʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʙʦʨʢʠ, ʩʭʝʤʫ ʚʥʝʰʥʝʛʦ 

ʥʘʛʨʫʞʝʥʠʷ (ʨʠʩʫʥʢʠ 8, 9, 10) 

  
 

ʈʠʩʫʥʦʢ 8 ï ʊʠʧ ʢʦʥʪʘʢʪʘ 

 

 

ʈʠʩʫʥʦʢ 9 ï ʊʠʧ ʢʨʝʧʣʝʥʠʷ 
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ʈʠʩʫʥʦʢ 10 ï ʋʩʣʦʚʠʷ ʢʨʝʧʣʝʥʠʷ 

 

 
ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ 
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ʈʠʩʫʥʦʢ 12 ï ʈʝʟʫʣʴʪʘʪ ʟʘʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ 

 

          ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʩʣʝʜʫʝʪ ʦʮʝʥʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠʩʭʦʜʥʫʶ ʤʦʜʝʣʴ, 

ʫʢʘʟʘʪʴ ʵʣʝʤʝʥʪʳ ʜʣʷ ʦʩʦʙʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʫʩʣʦʚʠʷ ʥʝʚʷʟʢʠ (ʨʠʩʫʥʦʢ 13). 

 
 

ʈʠʩʫʥʦʢ 13 ï ʀʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʳ ʩ ʩʝʪʢʦʡ 
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ʅʘʣʠʯʠʝ ʪʦʥʢʠʭ ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʩʙʦʨʢʠ 

ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʤʝʨʘʤʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʘʢʪʠʚʘ-

ʮʠʠ çʇʨʠʤʝʥʠʪʴ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʢʦʡè ʧʝʨʝʡʜʝʤ ʢ ʚʳʙʦʨʫ ʵʣʝʤʝʥʪʘ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʵʢʨʘʥʥʦʤ ʜʝʨʝʚʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 14). 

 

 

 
 

 

ʈʠʩʫʥʦʢ 14 ï ɺʳʙʦʨ ʵʣʝʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʢʦʡ 

 

ʉ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʙʦʪʳ ʩ ʩʝʪʢʦʡ (ʨʠʩʫʥʦʢ 13) ʧʝʨʝʭʦʜʠʤ ʢ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʩʝʪʢʠ (ʨʠʩʫʥʦʢ 15). 
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ʈʠʩʫʥʦʢ 15 ï ʅʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 16. 

 

 
ʈʠʩʫʥʦʢ 16 ï ʈʝʟʫʣʴʪʘʪ ʩʦʟʜʘʥʠʷ ʩʝʪʢʠ  

 


